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V. 



PREFACE. 

This short text-book has been written with the object of collecting in a 

m 

concise form material which has been gathered during many years' experi- 
ence of the working of the Rivers Pollution Prevention Acts. It aims at 
describing trade processes so far as to show the origin and nature of 
polluting waste liquids, and sets out the means which have been found 
successful in the purification of these. 

The authors hope that it may be of service not only to manufacturers 
and those called upon to advise them, but also to Local Authorities and 
their officers. 

The thanks of the authors are due to numerous manufacturers, some of 

whom have taken great pains to give particulars of their trade processes 

and purification works, to several engineers and others who have kindly 

furnished illustrations, and to many other friends to whom they are 

indebted for assistance. 

H. M. W. 

H. T. C. 
Wakbfikld, March 1918. 
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TRADE WASTE WATERS: 

THEIR NATURE AND DISPOSAL. 



CHAPTER I. 

HISTORICAL AND LEGAL. 

Rivers used as sewers — Intolerable conditions resulting — Royal Commisaions of 1865 and 
1868 — No early public statutes dealing with pollution — Act of 1876 — Law first 
properly enforced by County Councils.— Joint Committees— Royal Commission of 
1898 — Special local Acts based oil their reports ~ Difficulties of procedure — 
Bibliography. 

Up to the middle of last century practically all the waste waters produced 

in trade processes were poured without let or hindrance into the nearest 

streams. These indeed were looked upon as the natural channels for the 

reception of such liquids, and, by the Towns Improvement Clauses Act, 

1847, Sections 35 and 36, Local Authorities were sometimes even required 

to discharge their crude sewage into rivers. Such practices, coupled with 

the rapid industrial development which took place during the first half of 

the century, led to an intolerable state of matters, to which the attention 

of the Government was repeatedly directed. At last, in 1865, a Royal 

Commission was appointed for the purpose of inquiring, amongst other 

matters relating to rivers pollution, 

" how far by new arrangements the refuse arising from industrial processes can be 
kept out of the streams or rendered harmless before it reaches them, or utilised or 
got rid of otherwise than by discharge into running waters." 

The labours of this Commission were continued by a second Commission 

appointed in 1868. As an example of the foul condition of some of 

the streams at that time, the Commissioners' description of the Rivers 

Aire and Calder may be quoted, in which they stated that these rivers and 

their tributaries were abused 

" by the flowing in, to the amount of very many millions of gallons per day, of 
water poisoned, corrupted, and clogged by refuse from mines, chemical works, 
dyeing, scouring, and fulling worsted and woollen stuffs, skin-cleaning and 
tanning" (1865 Commission, Third Report, p. xi). 

As evidence of the foulness of the Yorkshire Calder, the Commissioners 

had, in fact, before them a letter written with its water, and their 

correspondent writes : 

"Could the odour only accompany this sheet also, it would add much to the 
interest of this Memorandum ! " (1868 Commission, Third Report, p 12). 
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It seems strange that this state of matters was allowed to develop, for 
by common law every riparian owner is entitled to receive the waters of 
a stream unpolluted and undiminished. Experience, however, has shown 
that only rarely will a riparian owner take the trouble and incur the 
odium and expense of instituting legal proceedings to maintain these 
rights. Frequently, indeed, he is himself an offender, and liable to 
proceedings by others. Moreover, if a pollution continues for twenty 
years, the common law as to prescriptive rights is a bar to any proceedings 
by a private person. 

The 1868 Commission (First Report, p. 96) reported that 

"of the many polluting liquids which now poison the rivers there is not one 
which cannot be either kept out of the streams altogether, or so far purified before 
admission as to deprive it of its noxious character, and this not only without 
unduly interfering with manufacturing operations, but even in some instances 
with a distinct profit to the manufacturer ; and even in those cases where a certain 
amount of expense must be incurred in unremunerative operations, the use of the 
purified stream will more than recompense this expenditure," 

In spite of the suggested remedial measures, and notwithstanding the 

intolerable condition of the streams, several years elapsed before Parliament 

dealt with the matter. 

At the time of these Royal Commissions no public statute had been 

enacted to deal with trade pollutions. The Gasworks Clauses Act, 1847, 

following the lines of the Lighting and Watching Act, 1833, forbade the 

discharge into a stream of any washing or other substance produced in 

making or supplying gas, and the Waterworks Clauses Act of the same 

year gave to the owners of waterworks certain powers to prevent pollution. 

The Salmon Fisheries Act, 1861, imposed penalties upon any person 

putting any liquid or solid matter into a stream to such an extent as to 

cause the water to poison or kill fish. The Public Health Act, 1875, 

except for re-enacting the clauses dealing with gasworks, did not deal 

directly with pollutions by trade refuse, but enacted (Section 15), with 

certain provisoes, that 

*^Ever)' local authority shall . . . cause to be made such sewers as may be 
necessary for effectually draining their district for the purposes of this Act," and 
also (Section 21) that " The owner or occupier of any premises within the district 
of a local authority shall be entitled to cause his drains to empty into the sewers 
of that authority. ..." 

It has, however, been held that these sections do not apply to trade 
refuse as distinguished from domestic sewage. 

At last, in 1876, stirred up by public opinion and acting on the 
recommendations of the foregoing and other Commissions, the Govern- 
ment passed an Act dealing expressly with the pollution of rivers by 
sewage and trade refuse— the Rivers Pollution Prevention Act, 1876. 
Part I. of this Act makes it an offence to put into a stream, among 
other solid matters, the solid refuse of any manufactory, manufactur- 
ing process, or quarry, so as to interfere with its due flow or pollute 
its waters. Part III. relates to manufacturing and mining pollutions, 
and states : — 
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Section 4. — " Every person who causes to fall or flow or knowingly })ennit8 to 
fall or flow or to be earned into any stream any poisonous, noxious, or polluting 
liquid proceeding from any factory or manufacturing process shall (subject as 
in this Act hientioned) be deemed to have committed an offence against this 
Act. ..." 

Section 5. — " Every person who causes to fall or flow or knowingly permits to 
fall or flow or to be carried into any stream any solid matter from any mine in 
such quantities as to prejudicially interfere with it^ due flow, or any poisonous, 
noxious, or polluting solid or liquid luatter proceeding from any mine, other than 
water in the same condition as that in which it has been drained or raised from 
such mine, shall be deemed to have committed an offence against this Act, unless 
in the case of poisonous, noxious, or polluting matter he shows to the satisfaction 
of the court having cognisance of the case that he is using the best practicable and 
reasonably available means to render harmless the poisonous, noxious, or polluting 
matter so falling or flowing or carried into the stream." 

Section 6. — " Unless and until Parliament otherwise provides, the following 
enactments shall take efl'ect, proceedings shall not be taken against any person 
under this part of this Act save by a sanitary authority, nor shall any sucn pro- 
ceedings be taken without the consent of the Local Government Board : Provided 
always, that if the sanitary authority, on the application of any person interested 
alleging an offence to have been committed, shall refuse to take proceedings or 
apply for the consent by this section provided, the person so interested may apply 
to the Local Government Board, and if that Board on inquiry is of opinion that 
the sanitary authority should take proceedings, they may direct the sanitary 
authority accordingly, who shall thereupon commence proceedings.'* 

*' The said Boara in giving or withholding their consent shall have regard to 
the industrial interests involved in the case and to the circumstances and require- 
ments of the locality." 

*' The said Board shall not ^ive their consent to proceedings by the sanitary 
authority of any district which is the seat of any manufacturing industry, unless 
they are satisfied, after due inquiry, that means for rendering harmless the 
poisonous, noxious, or polluting liquids proceeding from the processes of such 
manufactures are reasonably practicable and available under all the circumstances 
of the case, and that no material injury will be inflicted by such proceedings on 
the interests of such industry. . . ." 

Practically, however, this Act remained for many years a dead letter. 
Its chief defect was that its administration was entrusted to the care of a 
multitude of Sanitary Authorities, nearly all of whom were themselves 
gross offenders. 

By the establishment of County Councils under the Local Government 
Act, 1888, this defect was to some extent remedied by placing in their 
hands the power of enforcing the Act of 1876, and to the action of these 
County Councils and their Joint Committees the progress that has been 
made in the purification of streams is almost entirely due. These Councils, 
having jurisdiction over large areas, and, except in the case of County 
Boroughs, not being themselves offenders, are in a better position to deal 
with questions of this kind. 

.The Act of 1888 provided for the combination of adjoining County 
Authorities in the administration of the Rivers Pollution Prevention Act, 
1876, so that one Joint Committee could be formed to deal with the whole 
course of a river. Under this provision, which had been recommended by 
the earlier Royal Commissions, three Joint Committees have been formed 
to deal with the streams most grossly polluted by waste waters from 
industrial processes. These are the Mersey and Irwell Joint Committee 
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and the Kibble Joint Committee, which were set up in 1892, and the W^est 
Riding Rivers Board, established in 1893. These three Committees 
coi^sist of members appointed by the County Councils and County Boroughs 
in the respective areas to administer the Act of 1876. This Act was 
slightly amended by a short Act of 1893, and the Mersey and IrwellJoint 
Committee in 1892 and the. West Riding Rivers Board in 1894 obtained 
special Acts, but these add only slightly to the powers given by the 
former Act. The Middlesex County Council, however, in special Acts 
of 1898 and 1906, obtained considerably extended powers within its 
own area. 

There are two other Authorities, the Thames Conservancy Board 
and the Lee Conservancy Board, which exercise jurisdiction as regards 
pollution practically over the Whole area of a w^atershed, irrespective of 
county boundaries. The Thames Conservancy was incorporated in 1857, 
and the Lee Conservancy (a very ancient body) was reconstituted in 1868, 
but both bodies were primarily intended for the control of navigation. In 
various Acts which they have obtained from time to time, clauses have been 
inserted giving them powers to prevent pollution in their respective areas, 
and by the 1876 Act the Lee Conservancy was specially granted power 
to administer that Act to the exclusion of other Sanitary Authorities. 

The Act of 1876 has important clauses dealing with the reception of 
trade refuse in public sewers and its subsequent treatment by Sanitary 
Authorities, which will be dealt with in detail in Chapter XII., but 
these provisions have been found quite inadequate, and the anomalies in 
connection with the matter have given rise to great discontent amongst 
manufacturers and ratepayers Furthermore, the Royal Commissions 
already mentioned recommended that sewage should always be purified 
by its application to land, and for many years the Local Government 
Board insisted upon this being done in all cases where their sanction to a 
scheme of sewage disposal was requisite, but in the early 'nineties the 
purification of sewage on artificial filters by biological processes had so far 
been proved successful as to indicate that the use of land was not always 
necessary. Consequently, another Royal Commission was appointed in 
1898 to inquire and report " what method or methods of treating and 
disposing of sewage (including any liquid from any factory, or manufactur- 
ing process) may properly be adopted.'* This Commission is still sitting, 
but has issued numerous reports, several of which deal with the disposal 
of trade refuse. 

In their First Report (1901, p. 13) the Commissioners recommend 
the creation of a Supreme Rivers Authority to deal with matters relating 
to rivers and their purification. In their Third Report (1903, pp. 15, 16, 

and 17) they say 

" that sewage containing trade effluents is generally more difficult to purify than 
ordinary sewage. . . . Our results fully support the view that it is practicable 
in the great majority of cases to purify mixtures of sewage and trade effluents 
if the manufacturers adopt reasonable preliminary measures. . . . We are 
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satisfied that in some cases at least the purification of the trade effluent by itself 
would be very difficult to accomplish. . . . We are therefore of opinion that the 
law should be altered so as to niaKe it the duty of the local authority to provide 
such sewers as are necessary to carry trade effluents as well as domestic sewnge, 
and that the manufacturer should be given the right, subject to the observance 
of certain safeguards^ to discharge trade effluents into the sewers." 

They again (p. 24) lay stress upon the necessity for a Central Authority, 
and advocate the formation of Rivers Boards throughout the country. 
Their Sixth Report deals entirely with the disposal of the liquid refuse 
from distilleries. In another Report, promised at an early date, they will 
deal directly with pollution of rivers by trade refuse discharges, and in an 
appendix to their Seventh Report they have already published some of 
the special evidence which they have obtained on this subject. 

Action based on the recommendations of the Third Report has already 
been taken by several towns. Halifax and Heckmondwike in 1905 and 
Huddersfield in 1906 obtained the sanction of Parliament to special Acts 
giving the manufacturers within their areas the right of discharging trade 
refuse into the public sewers, and empowering the Authorities to make 
regulations governing these discharges and to charge the manufacturers 
for the treatment of their refuse in cases where no preliminary treatment 
is adopted. It is worthy of note that each of these Authorities has 
adopted the principle of receiving the crude refuse into the sewers and 
accepting a payment from the manufacturer in lieu of preliminary treat- 
ment. Other towns have had the adoption of similar measures under 
consideration, and would have applied to Parliament had they not been 
assured annually for several years past by the President of the Local 
Government Board that he had already prepared a comprehensive Bill 
based on the Third Report of the Royal Commission and would lose no 
time in passing it into law. 

As the law at present stands any legal proceedings against a manu- 
facturer who pollutes a stream are greatly hampered by restrictions and 
saving clauses in the Acts of Parliament. These may have been necessary 
in 1876, when little was known of methods for the purification of trade 
refuse, but now, after thirty-six years' experience, they chiefly serve to arm 
the offender who does not wish to comply with the law. In the case of a 
pollution newly commencing, just as in the case of one which has been 
continuing for a hundred years, an Authority is debarred from taking 
proceedings until the sanction of the Local Government Board has been 
obtained, and in practice this is never given until local inquiry has been 
held and proof given of the existence of the pollution and of means for its 
prevention. The same formalities have to be observed even when at an 
adjoining factory exactly the same kind of refuse has been effectively 
purified for many years. Moreover, when a new business is being started, 
in connection with which it is known that there must be polluting dis- 
charges of trade refuse, a Rivers Authority hasno power to act until the 
polluting processes are in operation and actual pollution occurs. When 
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the Local Government Board has given consent to the taking of proceed- 
ings, two months' notice of the intention to take these proceedings must 
be given to the offender, and not until the expiration of that period can 
application be made to the Court for an Order requiring the observance 
of the law. Further, no provision is made for preventing mismanagement 
of purification works already constructed, except by again going through 
all the foregoing formalities. 

The history of Parliamentary action in dealing with trade pollution has 
been, as may be gathered from the foregoing, characterised by delay and 
weakness. Although by the Towns Improvement Clauses Act, 1847, some 
attempt was made to lessen the pollution of streams by domestic sewage 
it was not until 1876 that the much grosser pollution by trade refuse was 
dealt with, and the restrictions then imposed were such as to give the 
manufacturer every facility for procrastination or evasion. The reason for 
this is only too evident, and is well set out by the Right Hon. C. G. Milnes 
Gaskell in an article in the Nineteenth Century in 1903, where he says : 

** The manufacturers were too powerful a body to be compelled to do their duty. 
* Parliament,* I once said to Mr Gladstone during the last year of his life, * has 
been very lenient to the manufacturers.' *Say far too cowardly,' replied Mr 
Gladstone." 

After this brief statement of the growth of pollution by manufacturing 
processes and of the legal measures adopted or contemplated for dealing 
with it, a description may now be given of the processes from which the waste 
waters arise and of the methods of purification which have been adopted. 
This can best be accomplished by dealing separately with various trades, 
describing each individual process and the methods adopted for the purifica- 
tion of its special kind of refuse. It will, however, be found that there are 
often several distinct polluting processes at one mill, yielding waste waters 
which may have to be treated separately and by totally different methods, 
or may be capable of purification when mixed together. On the other 
hand, the means of purification which are successful in dealing with one 
kind of refuse may be equally applicable in other cases, for example, 
apparatus for adding precipitants, tanks for the removal of suspended 
matter, or filters for drying sludge. 
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CHAPTER II. 

THE COAL TRADE. 

Polluting discharges— Pit water — Ochre water — 61owing-off boilers and water softening 
— Coal washing — Object of washing — Forms of washer — Treatment — Bibliography. 

In the coal trade there are many operations in which water is fouled. In 
pit sinking and in the ordinary course of getting coal large quantities of 
water are often met with, and these have to bo drained into the streams : 
at many collieries the pit water is used in the boilers, and w^hen it contains 
dissolved salts in considerable quantity these are deposited and must be 
blown out from time to time : if the water is previously softened, and this 
is an increasing practice, there is a similar deposition of solids, which 
escape in the discharges from the softening apparatus : in many cases the 
coal is washed to free it from impurities, and the coal-washing water has 
to be disposed of : where coal is made into coke, water must be used for 
quenching the hot coke, and is generally used in excess, so that there is a 
considerable escape of waste water : where gtis is manufactured and bye- 
products are recovered, water is used in many of the incidental processes, 
such for instance as the recovery of ammonia and of benzol, when very foul 
liquids may be discharged. 

The sources of pollution are therefore Jis follows : — 

1. Discharging pit water. 

2. Blowing-off boilers. 

3. Water softening. 

4. Coal washing. 

5. Coke quenching. 

6. Manufacturing gas and recovering bye-products. 

Pit Water. — In Section 5 of the Rivers Pollution Prevention Act, 1876, 
an exemption is provided from liability to proceedings under that Act 
in regard to water in the same condition as that in which it has been 
drained or raised from a mine. This does not hinder a riparian owner 
from taking action at common law to stop any pollution caused by such 
water, provided that a right to discharge it has not been gained by lapse of 
time, agreement, or otherwise. 

When a new shaft is being sunk through water-bearing strata it may 

be necessary to pump enormous quantities of water from it, sometimes as 

8 
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much as 6000 gallons a minute. To avoid this, the whole of the water- 
bearing ground through which the shaft is being sunk is occasionally 
artificially frozen, or rendered solid by the injection of cement, but these 
are very expensive processes and seldom adopted. When the water is kept 
under by pumping, it is contaminated by the digging operations and may 
carry with it large amounts of clay and sand in suspension, and if dis- 
charged into a clean stream may affect it very injuriously. In such cases 
the provision of ponds, through which the water is passed for the settle- 
ment of the suspended matters, is generally sufficient, and these ponds 
should have a capacity equal to six or eight hours' flow. Where the 
volume pumped is very large, the degree of pollution is naturally less, and 
treatment of the w^at^r may even be unnecessary. 

In the newer and deeper pits any water-bearing strata through whicli 
the shaft may pass are "tubbed off" to prevent the water reaching the 
workings, so that after the shaft is sunk there is generally very little to be 
dealt with. In the older and shallower pits, tubbing has not been so often 
adopted, and any water met with falls to the lowest part of the workings, 
and must either be pumped out or drained off by adits. This water is 
often grossly contaminated by mud and fine coal, and should then be 
thoroughly settled in ponds or tanks before being discharged to a stream. 

Sometimes the water drains from strata containing iron in the form of 
carbonate, when the escaping w^ater may contain appreciable quantities of 
iron bicarbonate in solution. When exposed to the air carbon dioxide 
escapes, and this, together with oxidation, causes a deposit of ferric oxide or 
ochre, as represented in the equation : — 

2FeH2(C03)2 + = FcgOg + 2H2O + 4C0,. 

More commonly the iron is present in the strata in the form of pyrites, 
which, by exposure to air in the mine, becomes oxidised to ferrous sulphate 
and free sulphuric acid, thus : — 

FeSg + 70 -h H2O = FeSO^ + HgSO^. 

By further oxidation ferric salts are produced, thus : — 

2FeS04 + H2SO4 + = Fe2(S04)3 + H2O. 

The water issuing from such a pit is highly acid in reaction and contains 
in solution large quantities of ferrous and ferric sulphates (see Table I.). 
Occasionally, where oxidation has proceeded further, there are also 
appreciable amounts of basic ferric sulphate in suspension. When such a 
water is discharged into a stream, the water of which is alkaline, there 
is an immediate precipitation of oxide of iron or ochre. Even should the 
water of the stream not be alkaline, the ochre is deposited, but more 
slowly, by a gradual oxidation process, or by the metabolism of certain 
organisms, such as Leptothrix ochracece or Crenothrix polyspora, which are 
found to grow profusely in ochrey waters. Where a stream receives these 
discharges it is also contaminated by the free acid which escapes along with 
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the iron salts, and the two pollutions together may attain such a degree 
that they render the water of the stream poisonous to fish life and to all 
ordinary aquatic flora and fauna, and unfit for any ifidustrial use. Table 
I. gives the analyses of a number of ochre waters drained or pumped from 
coal and gannister mines. 

The volumes of such ochre discharges may be very considerable. Mr 
Percy C. Greaves (Royal. Commission on Sewage Disposal, 1898, Seventh 
Report, vol. 3, p. 158) states that there are many collieries where from 
5 to 10 tons of water are pumped for every ton of coal raised. He quotes 
one case where 2511 tons of ochre water escape from the mine daily, 
although the output of coal is only 50 tons per day. 

The purification of these ochre waters presents no technical difficulty. 



Table 1. 

OCHRE WATERS DRAINED OR PUMPED FROM MINES. 
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The Royal Commission of 1868, in their Fifth Report, dealing with rivers 
pollution arising from mining operations, say (p. 45) : 

"There is indeed a most perfect and efiScient remedy for this evil. . . . Thia 
remedy consists in adding to the polluted water flowing from the mine, or heing 
discharged from it, a quantity of quicklime (previously slaked) suflScient either to 
neutralise the acidity of the water or to replace the oxide of iron it contains. 
About twelve hours' subsidence of the precipitated oxide of iron would then be 
required." 

They point, however, to the great cost which treatment would entail 
in some cases. Since the date of this Commission much experience has 
been gained, both here and on the Continent, in the treatment of well 
waters containing iron so as to make them fit for public water supplies. 

Sometimes such waters are treated with lime or soda in a water-softening 
apparatus, as for instance at Swadlincote and Wellingborough. At 
Linslade and Fenny Stratford, where the water contains considerable 
amounts of iron derived from the Lower Greensand, and also at Charlotten- 
burg and some other places on the Continent, where deep-well water 
carries with it iron in the form of bicarbonate, or held in colloidal solution 
by humic, iilmic, and other organic acids, the iron is oxidised by passing 
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the water through aerating filters and removed by straining through filters 
of coke or sand. Oxidation and removal of the iron is also in some cases 
brought about by forcing the water by means of compressed air through 
a high-pressure filter of the type described in Chapter XI. Such a process 
is in use at Hastings, Tunbridge Wells, and several places near Bristol. 
A similar method would be applicable to these ochre waters, but after the 
separation of the iron the water would still contain free sulphuric acid. 
This could be neutralised as suggested above, and for this purpose less 
lime would be recjuired than if the water had not been previously aerated. 
The use of manganese "permutit" (see p. 12) for the oxidation and 
removal of iron has also recently come into use, and promises to be a very 
efficient process. 

Table II. 

BOILER BLOW-OFF WATERS. 
• {Results expressed in parts per 100^000. ) 
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Any of these processes, however, would be costly if applied to the large 
volumes of water which are discharged from mines. In practice it is found 
that if these ochre waters are passed through shallow ponds they deposit 
much of their contained iron and thus lose much of their polluting 
character. 

Blowing-off Boilers and Water Softening. — As has already been stated 
the water pumped from a coal pit is often used for feeding boilers, and as 
such a water is frequently extremely hard (see Tables IL and III.), its use 
brings about the deposit of large quantites of mineral salts in the boilers. 
Such a deposit may either occur as a finely divided sludge or may form a 
hard scale on the boiler plates. In the former case the inconvenience may 
not be great, as the sludge can from time to time be blown out, but the 
discharge thus produced contains far too many suspended solids to be 
allowed to reach a stream. Table IL contains analyses of the water used in 
several such cases and of the polluting discharges when the boilers arc 
blown off. 

When the deposited solids take the form of a hanl scale the injurious 
effect of the use of such a water becomes very marked. The scale is a bad 
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conductor of heat, so that increased quantities of fuel are necessary : the 
removal of the scale when the boiler is cleaned is a matter of difficulty and 
expense, and the chiselling necessaiy is liable to injure the boiler plates : 
when the scale is very thick it may at any time crack and allow the water 
to reach the overheated plate, when there is great risk of an explosion 
from the sudden production of steam. Where economisers are used in 
connection with the boilers they are even more injuriously affected, as the 
tubes rapidly become choked by the deposited solids. 

For the above reasons it is a very general practice to soften these hard 
waters before use by means of chemical precipitation and settlement. One 
case may be quoted where before a softening process was adopted twenty- 
two boilers were necessary and found scarcely sufficient, whereas after the 
introduction of a water softener eighteen boilers were sufficient, and these 
required considerably less fuel per boiler. The solids settled in such a 
process must be discharged from the softening plant in the form of a liquid 
sludge very similar to that from blowing-off boilers. 

Such liquids are easily purified by simple settlement, as the solids in 
suspension are readily deposited. Tanks should be provided large enough 
to contain the maximum discharge at any one time, and these should be at 
least in duplicate, so as to allow time for settlement and cleansing. They 
should be provided with efficient means for letting off the top water without 
disturbing the sludge. The sludge thus produced consists for the most 
part of carbonate of lime in very fine subdivision, and this is stated by 
J. Hendrick, B.Sc, F.I.C. {Chemical Trade Journal^ 21st September 1912, 
p. 295), to be very useful for agricultural purposes. 

A new process has recently come into use for softening hard waters, by 
means of " Permutit," which does not produce the liquid sludge discharged 
from the older processes. The water is passed through a filter of artificial 
zeolite, an aluminate-silicate of sodium, which has the property of displacing 
the calcium and magnesium of the salts in the water by the sodium of the 
zeolite. After the filter has run for some time it must be regenerated, and 
this is accomplished by treating it with a small volume of a strong solution of 
sodium chloride, when the deposited calcium or magnesium permutit is again 
decomposed, with formation of sodium permutit and calcium or magnesium 
chloride. These latter salts are washed out, and the washing water is 
exceedingly hard, and if discharged to a stream would in some cases be 
obnoxious to users of the water lower down. In such cases the adoption of 
this process is not advisable. Sometimes, however, where this process of 
water softening is adopted at a mill where soapy liquids are discharged, the 
calcium and magnesium chlorides in the washing water from the filter 
might be used as precipitants for the soap. 

As has been mentioned, a manganese permutit can be used for the 
removal of iron from water, a process which also sterilises by the action 
of the higher oxides of manganese. In this case the regeneration of the 
permutit is effected by means of a permanganate solution. 
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Coal Washini^. — The Rivers Pollution Commission of 1868 paid a good 
deal of attention to the pollution of streams by water fouled in coal wash- 
ing, and investigated the effect of this pollution on the Derbyshire part of 
the River Rother (see Fifth Report, vol. 1, p. 7, and vol. 2, pp. 186 et 
seq.). In a.paper by Mr George Howe, reprinted by the Commission (Fifth 
Report, vol. 2, p. 192), it was clearly shown that all pollution of the 
stream by coal-washing refuse could readily be prevented, and that not only 
were the means required very simple, but that their adoption would be 
profitable to the colliery owner. Similar evidence has been given before 
the present Royal Commission by Mr P. C. Greaves (Seventh Report, vol. 
3, Q. 30270-1), who stated that at practically all the collieries with which 
he is connected means have been adopted to purify this kind of refuse. 

Since the 1868 Commission reported there has been a very great 
increase in the number of places where coal is washed, and had it not been 
found easily practicable to purify the water discharged, the resulting 
pollution of the streams from this cause would have been very great. 
The coal raised annually in the United Kingdom amounts to about two 
hundred and seventy million tons. Of this amount over thirty-five million 
tons are converted into coke, 60 or 70 per cent, of it being previously 
washed, and a proportion of the coal which is not made into coke is also 
washed before it reaches the consumer. Moreover, the amounts of coal 
raised and coke produced are increasing year by year. 

An interesting report on the various methods of coal washing is given 
in the Transactions of the Mining Institute of Scotland for 1889, and 
although since then considerable modifications and improvements in the 
washers have been introduced, these have made little difference in the 
character of the effluent produced. Their effect has, however, been to 
reduce the quantity of dirty water finally discharged, for in nearly all 
modem washers the same water is circulated again and again. A more 
recent paper, descriptive of modern coal washers, has been written by 
W. McD. Mackey, F.I.C. {Joum, Soc, Chem. Ind., 1904, vol. 23, p. 431). 

The following brief description may serve to explain the principles of 
the process, which is not one of washing in the ordinary sense of the word, 
but rather a separation of the coal from its impurities by means of 
agitation in water. Coal as it comes from the pits often contains a con- 
siderable admixture of impurities, such as shale, clay, and pyrites, which 
greatly reduce its value, and especially so in the case of coal which is to be 
converted into coke for use in the iron and steel industries. The larger 
pieces of stone and shale can be picked out of the coal by hand, but when 
the coal and its impurities are broken up into small pieces this method of 
separation is impracticable, and it becomes necessary to wash the coal. 
The impurities are almost invariably of greater specific gravity than the 
coal, and when a mixture of small pieces of the two is agitated in water, 
they gradually separate into two layers, the coal at the top, and the " dirt " 
at the bottom. All washing machines are constructed to take advantage 



14 TRADE WASTE WATERS. 

of this difference in specific gravity, and are so arranged that the dirt is 
discl^arged from one part of the washer, whilst the coal issues with the 
water from another part. The coal is separated from the water either by 
straining or settlement, but the water which finally escapes usually carries 
with it large amounts of fine coal in suspension. 
Mr Mackey in his paper says that 

" the simplest and probably the earliest form of washer was the trough, consisting 
of a trough or spout usually with wooden Rides, and, in the later forms, glass 
slabs on the bottom to withstand the action of the water and grit. The trough is 
about 2 feet wide, and set at a slight slope, and extending as a rule not less 
than 40 feet. Down this the water runs, carrying the coal, and dams set at 
intervals catch the dirt, the clean coal passing on. These troughs are usually 
worked in pairs, one being cleaned whilst the other is at work. 

" The modifications of the trough form a class which we may take first. Thus, 
in the * Elliot' washer, an endless belt of dams is made to travel up against the 
flow of water and coal, delivering the dirt at the upper end. The * Murton ' 
consists of an endless belt of steel trays with dams attached, carrying the dirt 
aeainst the flow of coal and water, and delivering it at the upper end. In the 
' Muschamp ' the dirt is made to travel to the upper end by means of a screw (the 
screw in this case forming the dams) ; and, lastly, the ' Blackett' consists of a steel 
tube or cylinder (30 feet long, and 4 feet in diameter) which turns as the coal and 
water flows from one end to the other, the tube being laid laterally at a slight 
slope. A screw is attached to the inside of the tube, and as the tube revolves, 
the dirt falling behind this screw, which forms a continuous dam, is taken to the 
upper end of the tube and discharged. The coal to be treated (along with part 
of the water) is delivered by a stationary spout running to about the middle of 
the tube, and the dirt gets a further washing when it passes this point by a 
stream of water which enters at the upper end. 

''To a second class belong washers of the jigger or pulsating type. This 
includes the German washers, the * Liihrig,' the * Humboldt,* the * Rium,* and one 
at least of English make, the * Sheppard.' Washers of this type consist essentially 
of a grid through which water rises and falls, being actuated either by a ram or 
compressed air. Water and coal are led on to the upper surface of the grid at 
one end, and the clean coal, which is separated from the dirt by the quick upward 
jijK of the water, is discharged with the stream of overflow water 'at the other. 
The dirt, which forms a lower layer, partly finding its way through the grid and 
partly being discharged into the chaniber below by an opening at the further end 
of the grid, collects in the bottom of the chamber, and is brought out by a screw 
conveyer. In some cases the grid is covered with felspar, tnrough which the 
dirt makes its way, and usually a washer consists of several chambers and grids 
for coals of different sizes, the most vigorous pulsations being given to the water 
for the larger sizes. In the ' Baum ' washer, in its latest development, all sizes 
are treated over one grid, and the coal sized after washing. 

** A third class is represented by the * Robinson ' washer, which consists of a 
vessel in the shape of an inverted cone, into which the coal is char£;ed at the top, 
and an upward current of water, which overflows at one side, carries with it the 
clean coal, whilst the dirt sinks and is removed by a false bottom arrangement. 
The seoaration of the coal and dirt in the washer is facilitated by moving arms 
or padales. 

''Recently, as a fourth class, we have table washers of the gold- washing type. 
Of these the 'Craig' is the best known in England. It consists of a steel table, 
on to which the coal, previously mixed with water, is led, and over which the 
clean coal floats and is discharged at the further end, whilst the dirt, by an 
ingenious back bump arrangement, is caused to travel in the opposite direction 
and to be discharged off the table. In this way very fine or ground coal can be 
washed, but the rate of washing is slow, not exceeding five tons per hour." 

Since the above paper was written, other forms of washers have been 
introduced, for example, the " Primus " and the " Greaves," in which the dirt 
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is separated from the coal by means of a perforated tray to which a jigging 
motion is given under the surface of a tank of water. This produces the 
same effect as in the washers of the pulsating type already mentioned, in 
which the perforated tray is fixed and the water pulsates. 

As the water used in coal washing need not be very pure, that which 



I 




Fig. 1.— Bttum Settling Tank. 

escapes from the washer is now usually caught in a tank and pumped back 
for re-use, with the double object of economising water and avoiding the 
waste of the fine coal in suspension. The receiving tank should not be 
large enough to permit of sedimentation, for the fine coal must be kept 
circulating with the water so that it is continuously being returned to the 
washer. If allowed to settle it cannot afterwards be uniformly mixed with 
the rest of the coal and cannot by itself be made into marketable coke. 
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In some washers the uniform admixture of the fine coal is attained by 
quite a different method, which also has the advantage of clarifying the 
water used. In this method the washed coal and water are both discharged 
into a large hopper, from the bottom of which the water is allowed to 
drain away, the coal acting as a very effective strainer. 

This admixture is also accomplished by the Baum settling tank of the 
Simon Carves Bye-product Co. (Fig. 1), which consists of a tank in the 
shape of an inverted cone erected on columns so that the water can run 
from it to the washer by gravitation. All the water is drained from the 
washer into a sump from which it is pumped through a pipe^ A, into a 
hollow sheet-iron cylinder, B, the lower half of which is perforated. The 
water escapes laterally through the perforations, and the solids fall to the 
bottom of the tank, where the slurry collects. The water escapes from 
the tank by the overflow, C, which returns it to the washer. The head 
of water in the tank forces the slurry through the regulating tap, D, and 
up the pipe, E, from which it is delivered on to the band conveying the 
washed coal from the washer. To prevent the water from running over 
the sides of the settling tank, an overflow, F, is arranged which takes the 
excess water into storage tanks, G. These are in duplicate, so that one 
can be in use while the other is being cleaned out. The whole contents 
of the conical tank can be let off into G. 

The circulation and re-use of the washing water may, in some cases, be 
carried on continuously, when there need be no discharge of dirty water 
from the washer ; on the contrary, fresh water must be added to replace 
that which is absorbed by the coal and dirt. In other cases, where con- 
siderable quantities of salt or finely divided clay are washed out of the 
coal, the water ultimately becomes so full of these impurities that it has to 
be discharged as refuse. This dirty water is very polluting in character, 
as it contains large amounts of solids in solution dissolved out of the coal, 
and still larger amounts of solids in suspension, these latter consisting in 
great part of finely divided coal. In Table III. are given the analyses of a 
number of samples of water taken directly from various washers, and, for 
purposes of comparison, the analyses of the same waters before use. 

It will be noted that most of the waters used contain large amounts of 
mineral matter in solution. This is due to the fact that they have been 
pumped from the pits, the usual source of the water used in coal washing. 
These pit waters are almost invariably found to contain much dissolved 
mineral matter, especially chloride of sodium ; for instance, the water from 
one pit in the South Yorkshire Coalfield contained 10,820 parts of this 
salt per 100,000, although, of course, this water was not being used for 
coal washing. Similar soluble mineral matters are dissolved from the coal 
in the process of washing, and in thirty-two analyses of effluents the 
amount of chlorides present has been found to vary from 5 to 906 parts 
per 100,000. Several effluents were tested for arsenic, but none were 
found to contain it. 
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At one time the water from the washers was frequently discharged to 
the streams without treatment, but any such discharges now taking place 
must be the result of accident or gross carelessness. The colliery owners 
are now, for the most part, fully alive to the loss of good coal when the 
water is allowed to escape directly from the washers, and take good care 
to prevent it. llecently, indeed, at several collieries, special washers have 
been provided for re-washing the sludge escaping from the primary washers, . 
so that the coal in it may be recovered and made into coke. 

The solids in suspension in the water from the washers are usually 
capable of rapid settlement. Sometimes, however, the waste waters 
contain very finely divided clayey matters which only settle with difficulty, 
but this can be met by the addition of small quantities of lime water (see 



Table III. 

COAL-WASHING WATERS BEFORE AND AFTER USE. 

(Results expressed in parts per 100,00Q)» 



Sample. 


Total 
Solids. 


Solids in 

Suspension 

(dried at 100* C). 


Solids in Solution (dried at 100* C). 


Total. Ash. 

1 


Totol. 

78-27 
648-20 

126-28 
165 14 

180 64 
356-00 

28-24 
248-42 


Ash. 

71-42 
492-20 

112-00 
141-UO 

154-00 
388-00 

2-24 
243-21 


Siliceous 
Matter. 

1-25 

2-00 

0-91 
0-71 

0-41 
0-60 

0-15 
0-80 


Calcium 

Salts 
(as CaO). 


Magnesium 

Satte 
(as MgO). 


Chlorides Sulphates 
(asNaCl), (as SOg). 


Water used . 
From washer 

Water used . 
From washer 

Water used . 
From washer 

Water used . 
From washer 


78-27 
840-00 

126-28 
4,600-42 

180-64 
12.846-86 

28-24 
14,922-42 


1 
291-80' 91-80 

4,S45-28 20U-00 

1 

12,489-86 8403-43 

1 
14,674-00 2017 35 


11-10 
37-86 

16-61 
10-78 

21-94 
28-87 

4-16 
10-07 


8-00 
18-82 

12-87 
10-70 

16-54 
14-41 

1-50 
2-68 


14-64 
444-28 

23-42 
60-37 

19-28 
196-14 

6-28 
206-14 


22-«5 
82-42 

40-60 
41-27 

66-07 
69-42 

7-27 
21-97 



Patent No. 763, 1911, W. McD. Mackey), as in the sedimentation of china 
clay in the manufacture of porcelain. 

As has been previously described, the modern practice is to circulate 
the water for re-use, and the claim is often made in the case of new washers 
that there will be no discharge of dirty water from them. In the case of 
even the best washers, however, at times when they are stopped, say for 
repairs, the water they contain must be discharged, and settling tanks 
must therefore be provided to contain this quantity of water. In most 
cases, and especially if iine clay or salt is washed out of the coal, a constant 
escape of surplus water must be anticipated, and, at frequent intervals, a 
discharge of all the water in the washer for cleansing purposes. There is, 
moreover, generally a quantity of dirty water draining away from the 
waggons of wet coal or dirt. 

An accurate estimate of the quantity of water used is very difficult to 

obtain, and few colliery proprietors have been able to furnish it. It has 

2 
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been variously estimated at from 600 to 2400 gallons per ton of coal 
washed ; while to the Royal Commission of 1868 it was stated by one 
witness (Fifth Report, vol. 2, p. 187) to be 600 gallons per ton, and by 
another (p. 193), 1120 gallons. 

In one case in which the water is mostly re-used the information has 
been obtained that 990 gallons of water which has passed through the 
washer are pumped back for re-use for every ton of coal washed, while at 
the same time 135 gallons of clean water per ton are pumped into the 
washer. Some of this latter quantity will be absorbed by the coal and 
dirt removed from the washer, since small coal when washed will retain 
some 10 to 15 per cent, of moisture, so that not more than 100 gallons 
per ton will escape and require to be purified. These figures give a total 
quantity of 1125 gallons of water required to wash a ton of coal^ and 
one-eleventh part of this as final efiOiuent. In another case, where also 
most of the water is re-used, 1 25 gallons of clean water are pumped into 
the washer for every ton of coal washed, but no estimate can be obtained 
of the amount of dirty water re-used. 

For the purification of this kind of refuse the means adopted are 
almost invariably in the form of settling tanks or ponds. The 1868 Royal 
Commission (Fifth Report, vol. 1, p. 43) recommended that subsidence 
tanks should be provided of such a size that the waste waters can remain 
at rest for six hours; but the method of continuous flow settlement is 
now almost invariably adopted, when the tanks should have a capacity 
equal to half a day's maximum flow (cp. Royal Commission on Sewage 
Disposal, 1898, Fifth Report, p. 229), and should be in duplicate to 
permit of cleansing. In certain cases, where much clay escapes with 
the coal- washing water, or an exceptionally pure effluent is necessary, 
some form of straining filter may also be required, and this is usually 
made of fine coke breeze or furnace clinker, materials which are plentiful 
at every colliery. 

Tke following diagrams (Figs. 2 and 3) show the kind of works which 
have been constructed. They require very little explanation. The first 
figure is that of a plant from which there is an effluent regularly dis- 
charged, and the second of one from which there is usually no effluent to 
the stream. The effluent in the former case comes from a washer dealing 
with 80 tons of coal per day, and has been frequently practically free from 
suspended solids : in the second case the washer deals with 400 tons of 
coal a day ; so that one may be considered a small plant and the other 
comparatively large, the average capacity of washers being about 300 tons 
of coal per day. 

Mr Mackey, whose description of coal washers has been quoted above, 
has devised a patent plant (Patent Nos. 11,410, 1905, and 1327, 1911) 
for the removal of finely divided suspended matter from a liquid, and has 
applied this to the treatment of coal- washing water with the double view 
of clarifying the water for re-use and recovering the solids so that they 
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satisfactory in regard to the amount of solids in suspension, contain large 
quantities of solids in solution, which in some cases might be extremely 
detrimental to the use of the water, say in the textile industries. For 
such use it might be neces&xry to adopt some softening process. 

In order to safeguard the streams and to recover as much water as 
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Fig. 3. — Works for treating Coal -washing Water for re-use. 

possible it is advisable at every colliery to have final settling tanks or 
ponds situated as low as circumstances will permit, so as to be available 
for the interception not only of the surplus water from the washers, but 
also of the surface drainage from the whole of the colliery premises. 
These ponds can readily be constructed by forming banks across a small 
valley or around a flat area with the spoil from the pit. The waste 
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waters, when turned into such a pond, will percolate through the banks, 
and, thus filtered, may be made fit to discharge to a stream or to be re-used 
at the colliery. When the pond becomes full of settled solids its banks 
can easily be raised by further tipping. In some cases ponds of this kind 
have been made a quarter of an acre in area and with banks 25 feet 
high. 

It is gratifying to find that the measures of purification adopted by 
colliery proprietors have resulted in a great saving to them. When the 
dirty water from the washers was discharged untreated to the streams, a 
much larger quantity of water was needed for washing the coal, and it 
carried with it a large amount of good coal in suspension, amounting 



Table IV. 

COAL-WASHING WATERS AFTER TREATMENT. 

(Results expressed in parts per 100,000). 





Solids in Suspension 


Solids in 


Solution 


Total 


(dried at 100" C). 


(dried at lOO'C). 


Solids 












ToUl. 


Ash. 


Totol. 


Ash. 


412-00 


4-80 


1-60 


407-2 


346-4 


840-00 


2-00 


1-00 


338-0 


314-0 


206*90 


1-90 


1-90 


205 


1750 


180-60 


2-60 


1-00 


178-0 


164-0 


954-10 


4-10 


3-10 


950*0 


822-0 


309-30 


570 


4-20 


308-6 


276-4 


868-80 


0-80 


0-48 


368-0 


346-0 


543-08 


1-88 


0-56 


541-2 


467-2 


244-00 


2-00 


1-52 


242-0 


218-6 


625-00 


8-70 


3-00 


621-3 


528-3 


298-68 


1-68 


1-12 


292-0 


268-4 


268-92 


8-52 


2-24 


265-8 


235 -^ 



Hardness (in terms of 
CaCOs). 



Total. 



2-21 "8 

90 1 

228-5 

110-5 

56-0 



Permt. 



Tempy. 



196 
59 

185 
59 
45 
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25-8 
31-1 
42-8 
51-5 
10-3 



in some cases to 200 tons per week. This coal is now almost always 
recovered and mixed with the washed coal. Where this is not done it 
can be used for burning in the colliery furnaces. It has also been pro- 
posed to form it into briquettes, either by itself, or mixed with sewage 
sludge or some form of petroleum refuse, and to use it in a Mond or 
similar apparatus for the production of gas and ammonia. 

Coke Quenching, Manufacturing Gas, and Becovering Bye-products.— 
Although these processes are now in use at a large and increasing number 
of collieries, they are more frequently found in connection with public 
gasworks, and the gas liquor and bye products are often manipulated by 
chemical manufacturers. The waste liquids discharged do not therefore 
concern the coal trade alone, and can best be dealt with in a separate 
chapter, in which are grouped all the polluting processes relating to the 
manufacture of gas. 



22 TRADE WASTE WATERS. 



BIBLIOGRAPHY. 

Pit Water and Ochre Waters. 

ACTS OF PARLIAMENT : 

Rivera Pollution Prevention Act, 1876, Section 5. 

Mersey and Irwell Joint Committee Act, 1892, Section 15. 

West Riding of Yorkshire Rivera Act, 1894, Section 22. 
ROYAL COMMISSION ON RIVERS POLLUTION, 1868, Fifth Report, 

p. 45. 
ROYAL COMMISSION ON SEWAGE DISPOSAL, 1898, Seventh Report, 

vol. 3, p. 158. 
DON AND CHISHOLM, Modem Methods of Waier Punficaiion, pp. 266, 

332. Arnold, 1911. 
FRANKLAND, Micro-organums in Waaler, p. 512. Longmans, Green & 

Co., 1894. 
KLUT, '* Beitrag znr Frage der Entstehung von Ammoniak in eisen- und 

mancanhaltigen Tiefenwassem," Miiteilungen aiu der Kimiglichen 

Prujung8a7UtaU fiir Wasserversorgung und Ahtoasserbeseitigung zu 

Berlin, 1909, vol. 12, p. 225. 
KOLK WITZ, " Biologie des Trinkwassers," Rubnera Handbuch der Hygiene, 

vol. 2, p. 338. S. Hirzel, Leipzig, 1911. 
LINDE AND HESS, ** Process for the Removal of Iron from Water," Ges. 

Ing., April 15, 1900, p. 105 ; and Min, Proc, Inat G.E., 1900, voL 142, 

p. 437. 
LtJBBERT, " The Removal of Iron from Well Waters," Zeitachr.f. Hygiene, 

1896, p. 398 ; and Min. Proc, Inst, G.E., 1897, vol. 127, p. 420. 
SCHREIBER, *' Enteiaenung bei Einzelbrunnen," Mitteuungeii aua der 

Kimiglichen PrUfungaanatalt fur IVcutserveraorgung, etc., 1906, vol. 6, 

p. 52. 
SCHWERS, ** Occurrence of Iron in Undergi-ound Watere," Beoue 

d^Hygikie, 1908, vol. 30. 
SIEDLER, "Treatment of Iron Waters with Manganese Permutit/' 

Seventh International Confipress of Applied Chemistry, London, 1909. 
SPITTA, " Wasserversorgung," Buhners nandbuch der Hygiene, p. 93. 
TEUFER, "The Means by which Water is freed from Iron,^ Ges, Ing., 

April 15, 1902, p. 105 ; and Min, Proc. Inat, G.E., 1902, vol. 149, 

p. 409. 
THRESH, The Examination of JVatera and WaJter Supplies. J. & A. 

ChurchiU, London, 1904. 
WHIPPLE, Microacopy of Drinking IVater, p. 43. Chapman & Hall, 

Ltd., London, 1899. 

Water Softening. 

BASCH, " Speisewasaerreinigung und Permutitverfahren." Ghem. Zeii., 

1912, vol. 36, p. 769. 
BOOTH, Water Softening and Treatment. Constable, 1906. 
Chemical Trade Jowrnal, October 21, 1911, p. 393, "Artificial Zeolites." 
COLLET, Water Softening and Purification. E. & F. N. Spon, Ltd., 

London, 1896. 
DIBDIN, The Purification of Sewage and Water, Sanitary Publishing 

Co., London, 1903. 
HARRISON, " The Permutit System of Water Treatment." The Ghemical 

World, 1912, vol. 1, p. 238. 
HENDRICK, " Agricultural Value of Carbonate of Lime,'' Ghemical Trade 

Journal, September 21, 1912, p. 295. 
KOLB, "Permutit," Ghem. Zeit., 1911, vol. 35, pp. 1393, 1410, 1419. 
MEYER AND HERZ, " The Permutit Process of Water Softening," Joum, 

Soc. Dyers and GolouristSy 1912, vol. 26, p. 93. 



THK COAL TRADE. 23 



Coal Washing. 



ROYAL COMMISSION ON RIVERS POLLUTION, 1868, Fifth Report, 

p. 7. 
ROYAL COMMISSION ON SEWAGE DISPOSAL, 1898, Seventh 

Report, vol. 3, p. 168. 
HO WE. ** System of Coal- washing at Clay Cross Collieries,'' Royal 

Commission on Rivers Pollution, 1868, Fifth Report, vol. 2, p. 192. 
HUGHES, A Text-Book of Coal-Mini'ng. C. Griffin & Co., Ltd., London, 

1904. 
MACKEY, Traiiaactions of the Institution of Mining Engineers^ 1904, and 

Joum. Soc, Chem. Ind., 1904, vol. 23, p. 431. 
^' Mineral Produce of the United Kingdom," Part 3, Mines and QtuirrieSy 

Home Office Report and Statistics, 1910. 
Mining Institute of Scotland, *' Report of Committee on Coal Cleaning,'' 

Transactions, 1889, vol. 11, p. 145. 
MULLER, KUirung von Zeckenabioasser im Emschergehiet, Gliickauf, 1910, 

No. 40. 
NAYLOR, Trades' Waste. C. Griffin & Co., Ltd., London, 1902. 
TONGE, Goal Constable & Co., Ltd., London. 



CHAPTER III. 



COAL GAS MANUFACTURE. 

Extent of industry — Coke quenching — Recovering bye-products — Gas liquor — Benzol 
recovery — Spent gas liquor — Law dealing with cliemical refuse — Methods of 
purification— Fowler*8 method — Radcliffe's methods— Grossman n's method — Wyld's 
method — Use of ozone — Other methods of disposal — Evaporation — ** Direct" 
processes of recovering ammonia — Koppers' process — Otto-Hilgenstock prpcess — 
. Simon-Carves plant — Storing gas— Power gas — Suction gas— Bibliography. 

The distillation of coal, whether primarily for the production of gas, as 

at gasworks, or for the manufacture of coke, as in coke ovens, is a great and 

increasing industry. Table V., abstracted from the Home Office Report on 

Mines and Quarries for 1910, Part 3, p. 224, shows the annual plroduction 

in the United Kingdom of coke at gasworks and at coke ovens during 

1909 and 1910. 

Table V. 



Year. 


Coal Used in 

Manufacture of Coke 

(Tons). 


Coke Obtained (Tons). 


At Gasworks. 


At Coke Ovens. 


1909 
1910 


34,514,578 
34,964,208 


7,370,598 
7,406,346 


11,496,651 
11,925,115 



In the older process of coke manufacture, the ovens used are all of the 
" beehive " type, in which no attempt is made to recover the gas produced, 
but those are gradually being replaced by patent ovens of various types, 
the gas from which is utilised and its bye-products recovered. The number 
and kind of ovens in use in the United Kingdom are shown in Table VI., 
which is also abstracted from the above Report, p. 224. 

Coke Qnenelimg. — At all gasworks and at collieries where coke is 
produced, whether in beehive or patent ovens, water is required for 
quenching the hot coke. At ordinary gasworks the coke is usually spread 
out on a stone floor and cooled with water, played upon it from a hose. 
The amount of water which escapes is generally not large, but there 
may be some excess, and this may carry with it sufficient fine coke in sus- 
pension and dissolved impurities to render it unfit to discharge to a stream 
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(see Table YIL). In the* case of collieries where beehive ovens are used, 
the quenching usually takes place in the oven itself, and the whole of the 
water is generally evaporated. 

The coke produced in patent coke ovens is sometimes also quenched by 
water from a hose, but, as the coke bench upon which the hot coke rests 
usually slopes considerably, the amount of water which escapes may be 
large. More especially is this the case when a mechanical quencher is 
used. This is an apparatus in the form of a hood, under which the hot 
coke is pushed as it emerges from the oven, and from the inside of which 
water at a high pressure is directed upon the coke from a number of jets. 
When this method of quenching is adopted nearly a ton of water is 



Tablb VI. 



Kind of Oven. 



Number in Use. 



Beehive 

Coppee 

Simon -Carves 

Semet-Solvay 

Otto-Hilgenstock 

Koppers 

Simplex 

Huessener 

Bauer . 

Collins 

^ackev-Seymour 

Other kinds 



Total 



1909. 


1910. ' 


17,398 


.16,037 


1,959 


1,991 


1,143 


1,140 


842 


1,055 


948 


1,025 


408 


507 


256 


834 


289 


249 


52 


52 


45 


45 


32 


32 


865 


516 


24,182 


22,983 



used for every ton of coke, and of this amount nearly half a ton escapes 
evaporation and drains away, but this can be caught and re-used, so that 
there is no need for any coke-quenching water to be discharged ajs refuse. 

The escaping water contains, as has been stated, a large amount of 
finely divided coke in suspension, as well as some matters in solution 
which have been extracted from the coke (see Table VII.). It must not be 
assumed that the solids noted in these analyses of coke-quenching waters 
have all been extracted from the coke, for on comparing them with the 
amounts in the waters used it is evident that the latter contained much 
solid matter in solution. The suspended coke deposits readily in settling 
tanks, and the liquid remaining is usually pumped back for re- use. The 
settling tanks should be made large enough to hold at least four hours' 
maximum flow and should be in duplicate to allow of cleansing, and the 
overflow from these tanks should be received in a storage tank from which 
the water can be pumped back. If any impure liquid, such as that from 
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ammonia stills, is mixed with the coke-quenching water, then care should 
be taken that all is continuously re-used. Where clean water only has 
been used for quenching, the effluent from the settling tanks can be entirely 
freed from suspended matters and tarry particles by being strained through 
a fine bed of coke or a filter of wood shavings, and may then be used for 
any of the colliery purposes, or may even be discharged to a stream with- 
out detriment ; but, as has been shown, the process consumes large 
quantities of water and there is therefore no need to allow any to escape. 



Table VII. 

OOKE-QUENCHING REFUSE. 

{RestUls expressed in parts per 100,000.) 



Nature of 
Sample. 



From gaaworke : 

Crude 
Crude 
Settled 

From coke ovens 

Water used 
Crude 

Water used 
Crude 

Water used 
Crude 



Settled 



>i 



Total 
Solids. 



Solids in Siis- 

pension (dried 

at 100" C). 



41-6 

100-6 

69-6 



141-0 
2207*0 

798-1 
997-4 

206-2 
9U8-3 

509-6 
117-7 
181*5 



Solids in Solo- 

tion (dried at 

100* C). 




443-8 

85-0 

121-6 



Oxygen ab- 
sorbed from 

— perman- 

80 


Hardness (as CaCOs). 


ganate in 
four hours 
at 26 7" C. 








Totnl. 


Permt. 


Tempy. 


1-66 

8-48 
0-52 


25-1 
41-4 

• • 


19-4 
40-8 

• • 


5-7 
06 

• • 


0-09 
11-84 


• 

■ ■ 
• • 


• • 


■ ■ 


0-64 
8-60 


110-9 
1331 


83 5 
183-1 


27-4 



0-14 
22-45 


31-9 
59-7 


18-6 
39-8 


18-3 
199 


143 
0-80 
2-26 


4b*-7 
73-4 


87-6 
68-0 


• ■ 

31 
5-4 



Becovering Bye-Products. — In the manufacture of gas large quantities 
of "gas liquor" are produced. It was at first looked upon entirely 
as trade refuse, but its treatment for the recovery of the ammonia 
it contains was soon undertaken, and this ammonia now yields a very 
considerable profit. The works at which ammoniacal liquor is produced or 
dealt with are either ordinary gasworks, or the premises of chemical 
manufacturers, patent coke ovens, blast furnaces, shale-oil works, or 
works where gas producers have been installed. 

In many of the larger gasworks a plant is provided for the distillation 
of the ammonia from the gas liquor, but fortunately in the great majority 
of gasworks the liquor is not manipulated on the spot, but is stored and 
sold to chemical manufacturers. This greatly reduces the number of 
polluting discharges, although it does not lessen the quantity of polluting 
liquid discharged. 

Within the last few years patent coke ovens have been introduced at 
many collieries, and from these the gases are recovered, and incidentally 
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large quantities of gas liquor are produced, which are invariably distilled on 
the premises. Another source of somewhat similar pollution which may 
increase in the near future occurs in connection with the manufacture of 
power gas (see p. 44). 

At blast furnaces where coal is the fuel used, as is generally the case 
in Scotland, much gas escapes from the furnaces, and this is washed for 
the recovery of its ammonia. At works wliere shale is distilled for the oil 
it contains, gas liquor is also produced, and is treated like that from 
gasworks. 

The increase in the quantity of gas liquor produced, which has been 
very great in recent years and will be still greater in the immediate future, 
is thus little dependent upon the manufacture of gas for illuminating 
purposes, but is due first to more economical methods of manufacturing 







Table VIII. 










Source. 




Sulphate of Ammonia (tons) Annually Produced. 


1898 


1900. 


1902. 


1904. 


1906. 


1908. 


1909. 


1910. 


' Qasworks . 
Coke ovens 
Shale works 
Iron works . 
Producer gas and car- 
bonising works (bone) 


129,590 

5,403 

87,264 

17,985 

6,165 
196,357 


142,419 
10,893 
37,267 
16,959 

6,688 
213,726 


150,055 
15,352 
36,931 
18,801 

8,177 


150,208 
20,848 
42,486 
19,568 

12,880 


157,160 
48,677 
48,534 
21,284 

18,736 


165,218 
64,227 
53,628 
18,131 

24,024 


164,276 
82,886 
57,048 
20,228 

24,705 
349,143 


167,820 
92,665 
59,113 
20,139 

27,850 


Total . 


229,316 


245,990 


289,391 


325,228 


367,587 



coke, in which the gases which were formerly burned to waste are now 
recovered and treated for the separation of ammonia and other bye- 
products, and secondly to the increasing manufacture of gas to be used 
either as fuel for boilers or directly for power production in gas-engines. 

Table VIII., abstracted from the Annual Reports of the Chief Inspector 
of Alkali Works, will give some idea of the rate at which the production of 
gas liquor is increasing. It shows the annual production of sulphate of 
ammonia from various sources within the United Kingdom. 

Gas liquor is produced in the dry distillation of coal, or, in other words, 
in the conversion of coal into coke, in two ways. When the coal is heated 
in retorts or closed chambers it gives off a large quantity of gas and 
vapour, which is received from the retorts into a hydraulic main, and there 
tar and gas liquor are condensed. The gas passes on through coolers, 
usually formed of serpentine pipes cooled externally by air or cold water, 
in which more tar and gas liquor separate. The gas is then passed 
through a tar extractor, usually in the form of baffle plates upon which 
the tar collects. The mixed tar and gas liquor are nm into a general 
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storage tank in which they separate into two layers, a lower of tar 
and an upper of gas liquor, and from which they are taken separately 
for further manipulation. 

The gas from which the tar and gas liquor have condensed is rich in 
ammonia, for the recovery of which, as well as for the purification of the 
gas, it is passed through a series of towers called "scrubbers" or 
" washers," where it meets a spray of water. This absorbs the ammonia 
and, at the same time, a large number of tarry matters and sulphur 
compounds, and is then also known as gas liquor. It is usually also run 
into the general storage tank. 

In order to reduce the quantity of water used and to produce a 
stronger gas liquor, as well as to dissolve the fixed ammonia salts out of 
the tar and to keep the tar moving, part of the water from the scrubbers 
is often pumped instead of clean water into the hydraulic main to form 
the water seal, and by proper management a further great reduction 
can be economically effected in the amount produced in the scrubbers. 
These are usually arranged in a series of three, through which the gas is 
passed consecutively, and by u^ng clean water in the last of the series, 
pumping it up for re-use in the second, and again, as it escapes from the 
second, pumping it up to the first, the amount of water required is at once 
reduced to a third, while at the same time the gas liquor is proportionately 
stronger. 

Gas liquor, whether obtained from the manufacture of gas in gas- 
works, or as a bye-product from other processes, contains ammonia in 
two forms, free, and fixed in combination with acids. This ammonia is 
recovered by distillation in two stages, the liquor being first heated by 
itself, by means of live steam, when the free ammonia and a certain 
amount of volatile ammonium salts escape, and afterwards with the 
addition of lime, which sets free the ammonia which has been combined 
with the stronger acids. The gas liquor from blast furnaces and shale-oil 
works contains so little fixed ammonia that it is generally distilled with- 
out the aid of lime. The ammonia escaping from the still is passed into 
strong sulphuric acid in a " saturator," where it is seized upon by the acid 
to form crystals of sulphate of ammonia. 

The hot vapours which pass from the still through the acid are cooled 
and condensed in a series of pipes into a grossly polluting liquid which is 
known as "devil water." This liquor is sometimes discharged as refuse, 
but is generally, and should be always, returned to the storage tank for 
gas liquor and circulated again through the still. The bulk of the refuse, 
however, comes from the still, being the spent gas liquor after the ammonia 
has been driven off, along with the lime which has been added in the 
process of distillation. Modern stills are always so constructed that the 
crude gas liquor is continuously entering at the tx)p, and the spent liquor, 
with the spent lime, escaping at the bottom. Other subsidiary polluting 
discharges, such as occur from leaky pipes, surface drainage, and the 
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spilling of tar and oils, are only small in amount and can readily be 
prevented. 

One such subsidiary discharge in the case of some patent coke ovens 
may be specially mentioned. The gas, after passing through the washers 
where the ammonia is dissolved out by water, is very rich in benzol, which 
forms another valuable bye-product. This is extracted by passing the 
gas through a scrubber in which tar oils (creosote) are used instead of 
water, because benzol is soluble in the former .but not in the latter. This 
solution of benzol in creosote is distilled like the gas liquor, iirst with the 
aid of a current of live steam, and finally by means of heat applied by a 
steam coil, which drives over the benzol mixed with the vapour of water. 
These in condensing separate into two layers, an upper of benzol and a 
lower of water, and the wat-er, although fairly bright and clear, is still 
grossly polluting, and quite unfit to discharge to a stream. It contains, 
however, a considerable amount of ammonia, and can with advantage be 
run into the gas>liquor tank, as is done in some cases, or can be used for 
the absorption of further ammonia in the washers. The tar oils from 
which the benzol has been distilled are re-used for the absorption of more 
benzol, and are too valuable to be discharged as liquid refuse. When 
they become too highly charged with impurities to be fit for re-use, they 
are sent to the tar distillers for redistillation. 

The spent gas liquor leaving the ammonia stills is a light brown liquid 
of a temperature of some lOO** C, turbid with particles of spent lime and 
tarry matters, and having a peculiar offensive smell. From the presence 
of the lime, it is strongly alkaline and exceedingly hard. Most of the 
lime settles readily, leaving a comparatively clear liquid, the chemical 
composition of which is somewhat complex. It is sufficient for the purpose 
of showing its polluting character to say that it still has a brown colour 
and an offensive smell, and contains' large amounts of acidic and basic tar 
oils and noxious sulphur compounds, that the oxygen it absorbs in the 
permanganate test is exceedingly high, and the hardness, partly temporary 
but chiefly permanent, very marked. Analyses of both crude and spent 
gas liquors are given in Table IX. 

The effect of a discharge like this upon a small stream is disastrous, 
the water being rendered poisonous to fish and cattle, offensive and 
discoloured, and unfit in fact for any of its ordinary uses. Moreover, the 
great capacity of the refuse for absorbing oxygen is very detrimental to 
the stream in preventing the self-purification which goes on in all streams 
under ordinary conditions. 

The law relating to this form of pollution is clear and distinct. By 
common law a riparian owner has the right of receiving the water of a 
stream in its original state of purity, and can take action to stop the 
discharge of any polluting matter into the stream, unless the person 
causing such a discharge has acquired a right by prescription or otherwise. 
In the Rivers Pollution Prevention Act, 1876, such pollutions are dealt 
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with in the same way as those caused by any other manufacturing process. 

The Public Health Act, 1875, is much more drastic ; Section 68, following 

the Gasworks Clauses Act, 1847, says that : 

*' Any person engaged in the manufacture of gas who— (1) Causes or suffers to 
be brought or to now into any stream reservoir aqueduct pond or place for. 
water, or into any drain or pipe communicating therewith, any washing or other 
substance produced in making or supplying gas ; or, (2) Wilfully does any act 
connected with the making or supplying of gas whereby the water in any such 
stream reservoir aqueduct pond or place for water is fouled, shall forfeit for 
every such offence the sum of two hundred pounds, and, after the expiration of 
twenty-four hours' notice from the local authority or the person to whom the 
water belongs in that behalf, a further sum of twenty pounds for every day 
during which the offence is continued or during the continuance of the net 
whereby the water is fouled. ..." 

The law with regard to the admission of this class of refuse to sewers, 
although not so emphatic, is such as to render it very doubtful if the 
admission could be enforced. Although Section 7 of the Rivers Pollution 
Prevention Act, 1876, provides that facilities shall be given by a Local 
Authority for draining trade refuse into public sewers, the provisoes are 
such as almost certainly to take away any such right thus to dispose of 
chemical refuse. Besides, Section 17 of the Public Health Acts (Amend- 
ment) Act, 1890, which is an adoptive Act, contains the following : — 

"Every person who turns or permits to enter into any sewer of a local 
authority or any drain connecting therewith — 

"(a) Any chemical refuse, . . . which, either alone or in combination with 
the sewage, causes a nuisance or is dangerous or injurious to health, shall be 
liable to a penalty not exceeding ten pounds, and to a daily penalty not exceed- 
ing five pounds." 

To comply fully with the law on the subject, therefore, it would seem 
to be necessary to prevent entirely the discharge of any spent gas liquor 
into a stream or sewer ; and it is towards this result that most successful 
efforts have been made, and, as will appear later, with profit to the colliery 
proprietors. 

As a guide to the amount of spent gas liquor produced in the distilla- 
tion of coal, the following figures, estimated on the dry coal converted 
into coke in coke ovens, may be given : — 

Water of combustion 4 to 6 per cent, or 9 to 14 gallons per ton. 



Moisture in coal 10 to 15 „ „ 22 to 33 

Water from scrubbers 15 to 20 „ „ 33 to 45 

Steam for distillation 8 to 10 „ „ 18 to 22 

Lime water added to stills 10 „ ,, 22 






Total 47 to 61 „ „ 104 to 136 

Thus a battery of forty coke ovens, turning into coke some 200 tons of 
coal per day, will roughly yield 25,000 gallons of spent gas liquor per day. 
It has been pointed out that by using water from the scrubbers in the 
hydraulic main and by resorting to the counter-current principle in 
washing the gases, the volume of gas liquor can be greatly reduced. The 
spent gas liquor can to some extent be used up for preparing the milk of 
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lime which is introduced into the stills and for filling the seal pots of the 
scrubbers and tar extractors. 

The purification of this kind of refuse has been a problem difficult to 
solve. It is easy, by the use of simple settling tanks, to get rid of 
suspended solids, but these, although objectionable, are innocuous compared 
with the matters in solution. It has been shown by Gilbert J. Fowler, 
D.Sc, F.I.C. {Joum. Soc, Chem. Ind,, 1911, vol. 30, pp. 174, 180, 181), 
at Broughton Road Gasworks, Manchester, and at Frizinghall Chemical 
Works, Bradford, that the liquid when diluted is amenable to treatment 
on biological filters, such as are described in Chapter XI. p. 269. He has 
constructed a percolating filter of somewhat coarse material, 6 to 9 feet 
deep, and prepared it either by using material which had previously 
formed part of a sewage filter, or by ripening the filter by the application 
of a weak sewage until nitrification was induced. To such a filter he has 
applied the spent liquor from gasworks, clarified by settlement and diluted 
to ten times its original volume, either \(ith clean water or with the filter 
effluent, at the rate of 100 gallons of the dilute liquid per square yard per 
day. The results of this treatment are shown in Table X., where it will 
be seen that the process effects a very marked reduction in the oxygen- 
absorbed figure, while the sulphocyanides and phenols are also greatly 
reduced ; but it must be borne in mind in considering the first series of 
analyses that part of the apparent purification is due to dilution with water. 

Dr Fowler has succeeded in isolating a special organism which 
apparently has the power of oxidising phenol {Proc, Boy. Soc,, 1911, B. 562, 
and Joum. Soc. Chem. Ind., 1911, vol. 30, p. 174). Bacteriological 
examination shows that although, as might be expected, the spent liquor 
coming from the stills is sterile, the effluent from the filter teems with 
bacterial life, sometimes containing as many as 320,000 bacteria per c.c. 

The cost of carrying out this process is considerable, 2 to 3 cubic yards 
of filtering material being required for every 10 gallons of the crude refuse 
produced daily. Thus, for a battery of forty ovens yielding 25,000 gallons 
of spent liquor daily, over half an acre of filter 6 to 9 feet deep would be 
required, and even after this purification, which is greater than has been 
attained by any other process, the liquid would still deleteriously affect 
a pure stream of small volume. It could, however, be used for many 
colliery purposes, such as coke quenching and coal washing. 

Other methods of purification have been tried or suggested at various 
times. At Sutton and other places where spent gas liquor was discharged 
into the sewers and found to interfere with the treatment of the sewage, 
Mr Radcliffe of Bamet introduced a method of precipitation with sulphate 
of copper in order to eliminate the sulphocyanides. In this process the 
refuse is settled to deposit' suspended lime salts and is then treated with 
a solution of sulphur dioxide and calcium bisulphite made from the 
gases leaving the saturator. A solution of copper sulphate is next added 
to bring about a precipitation of cuprous sulphocyanide, which can be 
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recovered by settlement, dried, and sold. This process reduces the 
amount of phenols present and produces an effluent which apparently 
does not interfere with the treatment of sewage with which it may be 
mixed; it is said, in fact, to favour the growth of bacterial life. The 
effluent cannot be considered sufficiently pure to be discharged into a 
stream, but Mr Radcliffe claims that it might be used at a colliery for 
such purposes as coal washing and coke quenching. 

At Cambuslang Gasworks another patent plant by Mr Radcli6fe has 
been introduced in order to purify the gas liquor so far that it can be 
received into the public sewer and dealt with at proposed sewage works. 
The spent gas liquor is allowed to trickle down through a tower, up which 
the waste gases which escape from the saturator are allowed to pass. The 
effect of this treatment is stated to be ^' to precipitate free lime in solution, 
to decompose phenylate and cresylate of lime and cyanogen compounds, 
also the precipitation of soluble organic matter in solution." Into a lower 
and separate compartment of the same tower steam and air are blown to 
aid oxidation and to carry off some of the volatile impurities. The waste 
gases from the upper compartment are carried on to an ordinary oxide 
purifier, whilst the vapours from the lower compartment are conducted to a 
fire, where they are destroyed. The spent liquor after being exposed to the 
gases is conveyed to settling tanks, where the lime and suspended solids 
are removed, and passed through coke strainers to the sewer. It is 
claimed that the resulting purified effluent when added to sewage in a 
proportion not exceeding 15 per cent, increases bacterial growth, thus 
assisting the purification of the sewage. It is also claimed that at coke 
ovens such an effluent, like that from Mr Radcliffe's other process, may 
be used for quenching coke, and some of it for steam raising, gas scrub- 
bing, and other purposes. 

A modification of this plant has been erected by Mr Radcliffe at Enfield 
Gasworks and at Wellington Gasworks, the effluents being also discharged 
into the sewers. In this modified process acid is added to the liquor as it 
enters the aerating compartment in sufficient proportion to set free the 
sulphocyanic acid present. This is carried over by the injected air and 
condensed in a receiver. Mr Radcliffe claims that by this method he can 
remove all solids in suspension, all free lime, all hydrocyanic acid, 70 per 
cent, of the sulphocyanides and 60 per cent, of the solids in solution, and 
can reduce the oxygen-absorbed figure by 75 per cent. 

J. Grossmann, Ph.D., F.I.O., in considering methods for preventing a 
discharge of spent gas liquor from the manufacture of sulphate of ammonia, 
suggests (Jotbm, Soc, Chem, Ind,, 1906, vol. 25, p. 411) that the gas 
liquor should be distilled without lime and the effluent from the still 
re-used in the scrubbers until it becomes sufficiently charged with fixed 
ammonium salts and cyanogen compounds to render their recovery profit- 
able. He has also suggested the use of dilute sulphuric acid instead of 
water in the scrubbers and the circulation of the acidified sulphate of 
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ammonia solution until it becomes somewhat concentrated, when the salt 
can be recovered by evaporation. This latter process has been tried at 
various gasworks in the past, and is now used on a large scale in con- 
nection with many gas-producer plants of the Mond type. 

Yet another method has been devised by Mr Wyld, lately in charge of 
the Bradford Corporation Chemical Works, who distils off the free anmionia 
from the gas liquor, driving with it many of the more volatile impurities, 
which are afterwards obtained in the devil water, and deals with the bulk 
of the liquor remaining after the first operation by adding a slight amount 
of acid and evaporating the water in vacwo until the ammoniacal salts 
crystallise out. In order to reduce the amount of liquid thus to be 
evaporated the gas liquor which has been distilled for the recovery of its 
free ammonia can be used over again in the scrubbers. This process 
produces ammoniacal salts with some amount of impurity, but produces 
also a large amount of distilled water, too impure to be discharged to ar 
stream, but quite suitable for raising or condensing steam, for coke 
quenching, coal washing, and many other purposes. 

Methods by which the gas liquor is highly concentrated by re-use or 
evaporation have one great advantage. The ordinary liquor contains, buf> 
in quantity so small as to make the recovery too expensive, some valuable 
bye-products other than the ammonia, as for example cyanides. The 
proportion of these present is of course increased according to the con- 
centration of the liquid, which may be carried on until the cyanides are in 
sufficient amount to make their recovery profitable. 

It is evident from the analyses (see Table IX.) that much of the 
polluting matter in spent gas liquor is a greedy absorbent of oxygen, and 
Mr W. McD. Mackey has experimented on the use of ozone for its purifica- 
tion, but this method will always be too expensive until the cost of manu- 
facturing ozone is greatly lessened. 

Fortunately, although methods of purifying this kind of refuse are 
few and somewhat expensive, there are various ways, especially at collieries^ 
in which it may be disposed of so that it does not reach a stream. In 
several cases it has been discharged into old pit- workings, where it becomes 
mixed with large volumes of imderground water, and either cannot be 
traced to its point of discharge to a stream, or is so diluted that its efiect 
on the stream is negligible. Where the colliery spoil-bank is sufficiently 
large, and more especially where it is burning, the refuse has been 
effectively disposed of by passing it into trenches on the top of the spoil 
bank. This method has been adopted with great success at some of the 
shale-oil works in Scotland. The spent shale, taken hot from the retorts, 
is piled up to a great height in ''bings'' or spoil-banks, and makes 
an excellent filtering medium. This treatment, partly evaporation and 
partly filtration, gives excellent results, as is shown by the example given 
in Table IX. 

But every colliery has not a disused pit-shaft or burning spoil-bank ; 
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and then other means of disposal must be adopted. The spent liquor is 
used, mixed with other water, for washing coal, but has sometimes caused 
trouble in certain types of washer by frothing. At many collieries the 
refuse is used for slaking or quenching the hot coke as it is discharged 
from the ovens. Objections to this course have at times been suggested. 
It has been said that this use of the liquor makes the outer surface of the 
coke dark in colour, spoils its bloom, and so depreciates its value; but 
after careful inquiry the general opinion is found to be that it makes no 
difference to the users whether the coke has been quenched with spent 
gas liquor or with clean water. Any objections which formerly were 
taken to the dark colour were sentimental and are now rapidly dis- 
appeaiing. The same objections were in fact formerly raised with regard 
to any coke produced in patent coke ovens, since it is not so bright and 
lustrous as that produced in the old beehive ovens. 

Another suggested objection is, so far as the public are concerned, a 
much more serious one: it is that such a liquor, when evaporated into 
the atmosphere, may be injurious not only to human beings but to other 
animals, and to vegetation. This would apply with equal force to any 
method by which the refuse is evaporated, whether on the hot coke, on a 
burning spoil-bank, or in a special furnace, but careful inquiries have failed 
to show any effect either upon the health of the workers on the spot or 
upon that of the inhabitants of the coimtry around. The chemical refuse 
so evaporated produces, no doubt, a certain amount of objectionable smell, 
but this is altogether insignificant when compared with that produced by 
the fumes of steam and smoke which are discharged from every battery 
of coke ovens, or from a burning spoil-bank. 

Direct evaporation of the chemical refuse in furnaces of special con- 
struction has been adopted in several instances. This method of disposal 
has been in use at some of the blast furnaces in Lanarkshire and in 
Ayrshire for many years, the fuel being in these cases some of the surplus 
gas from the furnaces, of which there is always a considerable quantity 
wasted. It has also been brought into use at two collieries, one in the 
West Riding of Yorkshire and one in Derbyshire, at both of which the refuse 
is settled for the removal of the suspended lime, and then sprayed into 
hot furnaces, where it is evaporated and escapes by the chimney, leaving 
behind only a quantity of sludge, which is carted to the spoil-bank. 

At the West Riding colliery the furnaces have been built by the 
Simplex Coke Oven Co., Ltd., and are so constructed that they can be 
heated either with gas from the coke ovens or by means of solid fuel. If 
coal had to be bought for the purpose, the process would certainly be a 
very expensive one, although the spraying renders the evaporation more 
rapid than would be the case in an ordinary boiler ; but at a colliery with 
a coke oven plant there is always an ample supply of waste fuel as well as 
the surplus gas from the ovens. 

In this case 14,300 gallons of ammoniacal liquor are made daily and 
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distilled in the ordinary way, so that there are probably 18,000 gallons of 
waste liquor to be dealt with, and three evaporating furnaces have been 
brought into use, of which one at least is always held in reserve. These, 
including a special chimney 80 feet in height, spraying apparatus, and all 
necessary accessories, cost £1400 to build. 

Formerly waste tar and coke breeze supplemented by gas from the 
ovens were used as fuel, but now the furnaces are heated entirely by gas. 
As a result of this change, together with some improvements in spraying 
the gas liquor, only one furnace is now required, whereas two used to be 
constantly at work. The labour bill is also much reduced, as one man 
is now employed, and only for half his time, whereas two were formerly 
fully occupied. When the waste breeze and tar were being used as fuel 
the smoke from the chimney was at times considerable, but now nothing is 
seen but a cloud of steam. Formerly, the furnaces had to be relined at 
a cost of X20 each once in six months, and wholly rebuilt every twelve 
months at a cost of £80 each ; now, they have been worked under the new 
system for six months and show no sign of deterioration. 

The arrangement of the plant is shown in Fig. 4. Each furnace is 
15 feet square and 15 feet high, made of red brick strengthened by iron 
bars. It is divided into four compartments by dwarf walls rising to 
within 2 feet of the roof. It was at first lined with firebrick, but 
experience has shown that red brick stands better, and now it seems that 
large slabs of sandstone are more durable still. The joints are the first 
to give way, and they are therefore made as few and as fine as possible. 
The great secret in preserving the lining of the furnace has been found 
to be to keep it constantly wetted, and the method of spraying has been 
improved with this object. The liquor is delivered through the roof of 
the furnace through four 1^-inch iron pipes, one for each compartment. 
Each pipe has a blind end, and the liquor escapes in a spray through 
sixteen horizontal slits (l^ inches long and y\ inch wide) made by a saw. 
The gas is fed through four 2^-inch mains into that part of the furnace 
above the top of the dwarf walls, and the vapour escapes by the chimney 
flue, which is near the level of the floor. 

The liquor as it comes from the ammonia still is passed through two 
settling tanks having a total capacity equal to half a day's flow, and from 
these it passes into a sump, from which it is pumped by a Worthington 
pump. The pumping arrangements are in duplicate, so that one set is 
always available should the other break down. The liquor is pumped into 
the furnaces through the above-mentioned pipes and is blown through the 
slits in a fine spray by the aid of a jet of steam. This steam is supplied 
to the furnace by a 1-inch pipe and injected into each delivery pipe 
through a y'^pinch nozzle. By this arrangement the liquor is sprayed over 
the whole of the walls of the furnace, keeping them constantly wetted. 
The bulk is evaporated and escapes up the chimney, while the residual 
liquor with the solids resulting from the evaporation falls to the floor 
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of the furnace and is drained back into the settling tanks. The sludge 
removed from these tanks, which includes the settled lime as well as the 
deposit from the evaporation process, amounts altogether to 25 tons per 
month. As the furnace is liable to crack owing to the intense heat, some 
of the residual liquor occasionally escapes into the foundations, and it has 
been found necessary to intercept it by a deep drain alongside the furnace 
on the lower side, and to convey it to a sump, from which it is pumped 
back to the settling tanks. 

At these works the supply of gas is practically unlimited, and no 
attempt has been made to economise in its use. It is estimated that about 
200,000 cubic feet per day are used, the gas having a calorific value of 
450 B.T.U., but if some form of Bunsen burner were introduced this 
quantity could be reduced by 40 or 50 per cent. 

At the Derbyshire colliery 50,000 gallons of waste liquor are dealt 
with daily, and the total cost of the plant, including a special chimney 
and all the necessary accessories, was £1538. The fuel used is blast- 
furnace gas and waste gas from the ovens. 

In certain cases in Lanarkshire, in connection with blast furnaces, the 
refuse has been used for feeding steam boilers, but in these cases the gas 
liquor has been distilled without the aid of lime. The method is not an 
advisable one for dealing with ordinary gas liquor, unless it is subjected 
to some preliminary treatment to remove the lime, and considerably 
diluted with clean water. 

The latest developments in coke oven chemical works seem likely to 
render superfluous all the foregoing methods of dealing with the gas 
liquor. At the least, they will reduce the volume and alter the character 
of the refuse to be dealt with, making the problem much easier. In 
December 1908, Mr A. Victor Kochs read a paper before the Midland 
Institute of Mining, Civil, and Mechanical Engineers (*^The Recovery of 
Bye-products from the Distillation of Coal, with Special Reference to the 
Koppers' New Process," Tram, Inst M.E,, 1908, vol. 36, p. 326), describing 
the Koppers' new process for the recovery of ammonia from coke oven gas. 
Instead of extracting the ammonia by washing the gas with water, it is 
obtained by passing the gas directly through sulphuric acid in the 
saturator. The hot gas leaving the hydraulic main is cooled to a 
temperature of about 30** C. and passed through a tar extractor, so that 
the tar and gas liquor are condensed. The gas is then heated to a 
temperature of 65** C. and passed at this temperature into the saturator, 
from which it passes on to the ovens, reaching them at a temperature of 
40* C. 

The bulk of the ammonia is thus taken up by the acid in the saturator 
directly from the gas, and there is no water used for scrubbing the gas 
and therefore no ammoniacal liquor from this source. But there is still 
the gas liquor produced from the original moisture of the coal and from 
the products of combustion, from which the ammonia must be distilled by 
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the aid of live steam and lime. The figures given at one colliery are as 
follows : — The amount of wet coal turned into coke per day is 740 tons, 
containing 12 '5 per cent, moisture (88 tons); the water produced in the 
combustion of the coal is 4*36 per cent. (38 tons). The total possible 
quantity of ammoniacal liquor is therefore 126 tons; the steam necessary 
for distillation 31 tons ; the moisture carried on in the gas 10 tons ; giving 
therefore a total quantity of waste liquor of 126 + 31-10 = 147 tons. 
This amounts to 22 per cent, by weight of the dry coal coked, or 50 
gallons per ton. It was stated that in the old process, where the gas is 
scrubbed, a ton of water per oven per day is required for scrubbing, or in 
this case 120 tons per day, which would require another 30 tons of steam 
for its distillation, and would thus increase the amount of waste liquor 
by 150 tons. By the new process therefore the amount of waste liquor 
would seem to be decreased by over 50 per cent. 

If benzol is to be recovered, the gas as it passes from the saturator 
must again be cooled to 25"" or 30** C. and scrubbed with creosote. If it 
is required for gas-engines or for lighting purposes it must in some cases 
be purified by the removal of sulphuretted hydrogen. 

The liquid produced by this secondary cooling is not at all like that 
discharged from an ammonia still ; when freed from particles of tar, which 
easily separate on standing, it is a pale yellow liquid and, as it contains 
no lime, it can be used, mixed with other water, for coal washing or coke 
quenching, or can be evaporated by spraying it into the chimney of the 
ovens, in which way it is stated that as much as one ton of liquor per 
oven per day can easily be dealt with. Even in an exti*eme case, the 
amount would not be more than this. Analyses of such liquids are given 
in Table XI. 

A further development has been made by the Otto-Hilgenstock Coke 
Oven Company, Ltd. In their new plant (see Fig. 5) the hot gases 
from the hydraulic main pass straight into the sulphate house, the tar 
which has condensed in the gas-main being collected in a tar-trap. The 
rest of the tar is extracted from the gases by a somewhat peculiar method, 
hot tar being sprayed into the gas in a vessel called a " tar-spray." A 
little water separates with the tar and is pumped into the hydraulic main. 
Any excess contains fixed salts of ammonia, and, being small in amount, 
can ultimately be run into the saturator with the acid, or can be 
evaporated for the recovery of ammonium chloride. The gases leaving 
the tar-spray are still at a temperature above the dew-point, and the 
water vapour is therefore kept from condensing ; and without any further 
cooling the gases are passed through the acid in the saturator and thence 
directly to the ovens. A small amount of tar appears in the form of a 
frothy scum on the acid in the saturator, but this is easily skimmed off. 
The gases leaving the saturator have a temperature of 85° C, but, in 
passing along the gas-main, they become somewhat cooled, and this 
causes the condensation of a little refuse water. 
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This refuse, like that produced by cooling the gas in Koppers* process, 
is not like that from an ammonia still, inasmuch as it contains no lime, 
nor, because of the high temperature of the gas, does it contain any 
sulphuretted hydrogen (see Table XI.). It can therefore be used, diluted 
with other water, for any of the ordinary purposes of the colliery, or, 
being small in amount, can easily be evaporated by spraying it into the 
chimney of the ovens. In a properly constructed plant, where the gas- 
mains are short and well protected, there is no need for the condensation 
of any liquid refuse whatever, and all the moisture can be passed on with 
the gases to the ovens. 

As in Koppers' process, if the gas is used in gas>engines, or if benzol 
is recovered, the gas must be cooled down to a temperature of 25" or 
30** C, at which most of its water vapour condenses as liquid refuse. In 
one case where this system is in use and 400 tons of coal are coked daily 
in sixty regenerative ovens, the gas is cooled for use in a gas-engine, and 
the amount of liquid refuse produced by condensation is said to be about 
1 ton per oven per day, or 13,440 gallons in all. 

At another plant, where a direct recovery process is adopted, erected 
by the Simon-Carves Bye-Product Coke-Oven Construction and Working 
Company, Limited, there are twenty-eight ovens coking daily 175 tons of 
coal containing 1 1*5 per cent, of moisture, and the total amount of liquid 
refuse is 25 tons per day, 2 tons of which are deposited along with the tar, 
and the remainder in the process of cooling the gas for benzol recovery. 
At this place there is also a sulphate plant on the old system, and the 
waste liquid from the direct process is pumped to the scrubbers of the 
old plant. 

A full description of the Otto-Hilgenstock plant is given in an article 
in The Iron and Coal Trades^ Review (" The Direct Recovery of Tar and 
Ammonia from Hot Gases," Iron and Coal Tra^es^ Review y 1909, vol. 79, 
p. 959), and Fig. 5 shows the whole of the necessary chemical works. 
Those who are acquainted with the ordinary type of chemical works will 
see at once how comparatively simple this new type is. The hot gases 
pass straight into the sulphate house, where a new recovery plant is shown 
in two series, one of which acts merely as an emergency reserve. They 
enter the tar-sprays T^ and Tg, where, through the cleansing action of the 
spray, they are freed from their tarry matter at a temperature above the 
dew-point, and whence, without any further cooling, they are forced by 
the exhauster E through the acid in the saturator S, and relieved of their 
ammonia. The precipitated sulphate is ejected on to the draining table 
D, and dried in the centrifugal C. The hot gases leave the saturator, 
still retaining all their moisture in the form of steam, and return uncooled 
to be used for heating the ovens. Coolers and benzol scrubbers can easily I 



be added to such a plant and are shown in dotted lines. 

Similar direct recovery processes are now being advocated by most of 
the coke-oven firms, and they are even being introduced in ordinary gas- 
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works (see The Local Government Officer and Contractor^ 1910, vol. 9, 
p. 241, and Forty-eigMh Annual Report of the Chief Inspector of Alkali 
Works J 1911, p. 113), mainly because they are economical and more 
profitable than the old processes. 

The economies effected by the new processes are many. The chemical 
plant is simplified by leaving out the water scrubbers and, in the Otto- 
Hilgenstock and Simon-Carves plants, the coolers and ammonia stills ; the 
yield of sulphate is said to be increased by 5 to 10 per cent., and this is 
easily explained by the simplification of the plant and the consequent 
fewer opportunities for loss of ammonia. In the old process there is some 
loss by leakage, but more especially because the ammonia in the gas is 
not completely absorbed by the water in the scrubbers, and because that 
in the gas liquor is not completely yielded up in the process of distillation. 
The quality of the sulphate is also improved, and less acid is required for 

Table XII. 

WATER FROM GAS-HOLDER TANKS. 

{Resulls expressed in parts per lOOfiOO.) 



Period 
In Tank. 


ToUl Solids 
dried at 


Nitrogen. 


Oxygen ab- 
sorbed from 

^ perman- 
ganate in 
four hours 
at 26-7' C. 


ToUl. 


Salphur 




Hydrocyanic 
Acid. 


1 

1 


100" C. 


Ammonia- 
cal. 


Albuminoid 
(Wanklyn). 




Total. 


Ash. 


Sulphate. 


Sulpho- 
cyanide. 


3 weeks 


84-4 


26-2 


018 


0-04 


0-80 

• 


1-5 


1-5 


• • 


■ 


1-2 


15 years 


31-0 


20-4 


1-40 


0-20 


2-40 


2-8 


2-8 


• • 


• ■ 


1-6 


25 to 30 years 


87-2 


21-9 


7-28 


0-66 


7-82 


4-09 


2-58 


0-67 


311 


81 



the absorption of the ammonia, inasmuch as the fixed ammonia salts 
distilled from the coal do not require to be decomposed with lime and 
again fixed with acid. Further, the quantity of water required is very 
greatly reduced, the steam and lime necessary for the ammonia stills in 
the old system are not required, and there is a considerable saving in the 
initial cost of the works, as well as in the upkeep. So great are the 
economies that in several instances an old-fashioned plant is being scrapped 
in favour of a new one. 

In some of these newer processes, such as those of Burkheiser, Feld, and 
Fabri, means are adopted for the recovery of sulphur from the gas and 
its utilisation in the production of the sulphate of ammonia, but from 
none of these further processes is there any liquid refuse discharged. 

Storing Gas. — Where gas is stored in gas-holders, these invariably 
have a water seal, the water in which, being exposed to the action of the 
gas, absorbs various impurities. If kept up for any length of time it may 
become a very polluting liquid (see analyses in Table XII.). Precautions 
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should be taken to prevent the discharge of such liquids to a stream, and 
this is no difficult matter, as there need be no flow of water through the 
water seal, but only the addition of a little from time to time to make up 
for loss by evaporation. The rain which falls on the surface of the 
gas-holder is usually sufficient for this purpose, and any excess should be 
prevented from reaching a stream. 

Manufacture of Power Gkus. — There has recently been a great develop- 
ment in the manufacture of gas specially suited for internal combustion 
gas-engines and for firing furnaces and boilers. For the present purpose 
the gas plant used may be divided into two classes : those of the Mond 
type, in which bituminous fuel is used and ammonia is recovered ; and the 
suction-gas producers, where the fuel used is either anthracite or coke. A 
lecture on Producer Gas by H. A. Humphrey, A.M.I.C.E., given under 
the auspices of the London Chamber of Commerce (Higher Commercial 
Education Pamphlet Series, No. 11), describes concisely those of the 
former class, and gives several illustrations of the plant used. 

By passing a heated mixture of air and steam through the glowing 
fuel, a highly inflammable gas is produced, containing hydrogen, carbon 
monoxide, and methane, as the main combustible constituents, and carbon 
dioxide and nitrogen as non-combustible. Owing to the large amount 
of steam which is introduced along with the air, a comparatively low 
temperature is maintained, and consequently ammonia is produced and 
passes on with the gas, which also contains dust, tarry impurities, and 
cyanogen compounds. 

The impure gas, issuing from the producer (see Fig. 5a) at a tempera- 
ture of about 500" C, is passed through a tubular regenerator, where it parts 
with much of its heat to the mixture of air and steam entering the producer. 
The gas is then passed through a mechanical washer, which is the name 
applied to a long rectangular iron chamber fitted with revolving dashers 
which rotate and fill the whole chamber with water-spray. The partly 
cooled gas is here further cooled and washed, and, moreover, much of its 
remaining sensible heat is transformed into latent heat by the evaporation 
of some of the water. The gas, laden with its burden of steam, and now 
at a temperature of 85*" C, then traverses, from bottom to top, a large lead- 
lined tower, called the acid tower, down which a stream of acid sulphate of 
ammonia liquor is always descending. This liquor contains about 2 per 
cent, of free sulphuric acid, which takes up the ammonia contained in 
the gas, converting it into sulphate of ammonia. To make the action 
continuous some free acid is always being added and some sulphate of 
ammonia liquor removed from the plant for evaporation and the production 
of solid sulphate of ammonia for the market. The gas and steam next 
pass downwards to the inlet of the " gas-cooling tower,'' in ascending which 
the mixture meets a stream of cold water which cleans and cools the gas 
and condenses the water vapour it contains. From the cooling tower it 
enters the gas-mains at a temperature of 70*" C, and if the mains are of 
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any great length a considerable amount of liquor is condensed as the gas 
cools in them. 

At the other end of the plant air is driven in at a pressure equal to 
25 inches of water, and passed upwards through an air-heating tower, where 
it meets a spray of the water which has been heated in the gas-cooling 
tower. The incoming air thus becomes heated and saturated with water 
vapour, and after the addition of more steam the mixture of air and 
steam, at a temperature of 85* C, is led to the tubular regenerator, where 
it abstracts heat from the gas leaving the producer, raising it to a tem- 
perature over 200° C, and finally, in the Mond plant, is further heated by 
its passage through an annular space surrounding the producer on its 
downward course to the fire grate. The fire grate is at the bottom of 
the producer, which is sealed by means of water. 

The sulphate of ammonia liquor removed from the acid tower is 
evaporated either in an open vessel or in a closed still under reduced 
pressure, to crystallise out the salt. In the former case the evaporated 
water escapes into the air, while in the latter it has to be condensed with 
large volumes of cold water. 

The possible sources of pollution from a plant of this kind are 
therefore : 

(a) The water seal under the producer 
{b) The mechanical washer. 

(c) The gas-cooling tower. 

(d) The air-heating tower. 

(e) The still for evaporating the ammonia liquor. 
(/) The gas-mains. 

(^) The scrubbers, if the gas is used in gas-engines. 
The liquids from all these sources are somewhat similar as regards 
their polluting character to ordinary spent gas liquor. They contain 
sulphur and tarry compounds, but no lime, and they readily absorb oxygen. 
Since the process as a whole is one which consumes considerable 
quantities of water — one authority states that a ton and a half of steam is 
used up for every ton of fuel — there is no real need to discharge any 
liquid refuse. 

(a) In the water seal there is a constant evaporation going on, and 
any overflow is the result of carelessness. The ashes which accumu- 
late and have to be removed from time to time are saturated with 
water, and care must be taken to place them in such a position that 
the water may drain back into the seal. 

(6) In the mechanical washer there is also a continuous evapora- 
tion of the water, but the tarry sludge which collects has to be 
removed from time to time, and here also care must be taken to 
prevent the escape of liquid draining from it. The sludge consists of 
particles of fuel mixed with tarry matter, and can be burnt in 
boiler furnaces. 
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(c) and (d) The water in the gas-cooling and air-heating towers 
should be kept constantly circulating, that which is heated in the 
former being used to warm the air in the latter ; none of it should be 
allowed to escape, but, on the contrary, as has been shown, much is 
absorbed by the air in the air-heating tower. When insuflficient pro- 
vision is made for cooling the gas, difficulties may arise in its use, and 
the water from the air-heating tower may be too hot to reduce the 
temperature sufficiently. To avoid this the water, after leaving the 
air-heating tower, may either be passed over a water cooler, or returned 
to a reservoir, from which it is pumped back to the gas-cooling tower, 
and in either case much water is lost by evaporation. Another way 
of surmounting this difficulty is to provide another gas-cooling tower 
with a constantly circulating supply of cold water. Whichever 
method is adopted, the water should be kept in a closed circuit and 
none allowed to escape. 

(e) In most cases the principal source of refuse is the condensa- 
tion of the vapour from the still in which the sulphate of ammonia 
liquor is evaporated. When this is a vacuum still a jet condenser is 
generally used to condense the vapour, and the condensing water, of 
which 25 lbs. are required for every 1 lb. of vapour, becomes impreg- 
nated with tarry matters and sulphur and cyanogen compounds 
evaporated from the liquor (see Table XIII.). There seems no reason 
why a closed or surface condenser should not be used, and in that 
case only the condensed vapour would require to be dealt with. It 
would be small in amount and could be used in the water seal or 
mechanical washer. If the jet condenser is preferred, then the con- 
densing water can be passed over a cooler and re-used, the amount of 
condensed vapour being more than balanced by the evaporation 
taking place on the surface of the cooler. By constant re-use this 
condensing water may become so impregnated with phenols as to 
make their recovery profitable. At some works the sulphate of 
ammonia liquor is evaporated in an open vessel, so that the vapour 
escapes through the chimney flue, and in such cases no liquid refuse 
is produced from this part of the process. 

The discharge of liquid refuse from this part of the process could 
also be wholly avoided by the adoption of a direct process for the 
recovery of ammonia, such as has been brought into use in connection 
with coke ovens, as described on pp. 39 and 42. This would be 
advantageous not only in avoiding the discharge of waste water, but 
also in greatly simplifying and cheapening the apparatus required. 
The lead-lined acid tower, which is costly both to construct and to 
keep in repair, would be unnecessary, as also would be the evapor- 
ating plant and the large volume of water required in connection 
with it. The gas could be passed through tar extractors, such as 
the Otto-Hilgenstock tar spray or the Simon-Carves centrifugal 
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apparatus, and then directly through strong sulphuric acid in a 
saturator, in which the solid sulphate of ammonia would be deposited. 

(/) The gas as it leaves the producer plant still contains a 
considerable proportion of water vapour, and where the dis- 
tributing mains are long and exposed, this is condensed to a very 
polluting gas liquor, containing sulphur compounds and tarry matters 
and some ammonia (see Tables XI. and XIII.). This liquor is not 
great in amount, and can be used either to feed the water seal or 
mechanical washer, or mixed with the condensing water, especially if 
this is to be treated for the recovery of phenols. 

{g) The water from scrubbers (see Table XIII.) can be used in 
the mechanical washer or water seal. 



Table XIV. 

REfUSE FROM SUCTION-GAS PLANT. 

(Results expressed in parts per 100,000,) 
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Considerable quantities of tar are distilled along with the gas, and if 
care is not taken this is liable to escape along with the water used in 
the various processes. The tar collects in the water of the mechanical 
washer, in that from the gas-cooling and acid towers, and in the condensings 
from the gas-mains, but if these liquids are allowed to stand the tar 
separates and may either be skimmed off or retained by the provision 
of suitable tar-traps. The recovered tar may either be sold to the tar 
distiller or burnt under the boilers of the works, but in the latter case 
special appliances will have to be adopted for burning it« 

In conclusion, therefore, it may be urged that there is no need to 
discharge any refuse from a plant of this kind. 

Saction-gas Plant. — In the second division of gas producers, in which 
non-bituminous fuel is used, the apparatus is greatly simplified. The 
principle adopted in the producer is almost invariably the same, air and 
water vapour being drawn through the incandescent fuel and the gas thus 
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produced being cleansed by passing upwards through scrubbers filled with 
coke, kept constantly moistened by a water spray. There are usually two 
ways in which polluting discharges may arise : the overflow from a water 
seal on the gas-main between the producer and the scrubber, and the 
escape of the water which has passed through the scrubber. The waste 
water coming from such a plant is fortunately not large. Its character 
varies greatly, according to the nature of the fuel used (see Table XIV.). 
When coke is used the liquid produced is only slightly polluting in char- 
acter, and, if settled sufficiently to remove small particles of coke, can 
usually be discharged to a stream without detriment. If anthracite is the 
fuel used, the resulting waste water is more polluting, containing appreci- 
able amounts of tarry matters and cyanogen compounds. It is not fit to be 
discharged to a stream, but could be mixed with domestic sewage for 
treatment without causing any difficulty. Where, therefore, no sewer is 
available, coke should always be used as a fuel in preference to anthracite. 
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CHAPTER IV. 

GRAIN WASHING, MALTING, BREWING, 

AND DISTILLING. 

Kature of waste waters — Grain washing — Washers — Screens — Further treatment — 
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Commission of 1898 — American experience — Summary — Bibliography. 

Thb waste waters from all these processes are somewhat similar in com- 
position, in that they contain in solution and suspension large quantities of 
organic matters belonging to the classes of carbohydrates and proteids. 
All of them are liable to undergo acid fermentation, and in doing so to 
give off very offensive smells. They are very liable, moreover, to induce 
a profuse growth of fungus in any stream into which they may be dis- 
charged. Similar means of purification can be used for each of them, and 
where several of these processes are carried on at the same premises, as 
is often the case, the different kinds of refuse can be mixed and treated 
together. As, however, there are works where only one of the processes 
is in operation, it will be better to deal with the character and treatment 
of each kind of refuse separately. 

Qrain Washing.— Grain is washed for two purposes : in the first place, 
to cleanse it from sand, clay, light and imperfect grains, chaff, and dust, 
impurities with which much foreign grain, especially that from the £aBt, 
is found to be contaminated ; and, in the second place, much foreign wheat 
is too dry to be properly milled into flour, and the washing process serves 
also to '* condition " it, that is, to bring the moisture up to the amount 
necessary for proper milling (8 to 10 per cent.). 

Many of the impurities can be removed from the grain before washing 
by passing it through suitable screening and winnowing apparatus, and the 
polluting character of the discharge from the following washing can thus 
be greatly lessened. 

The apparatus used in grain washing is very simple in principle, and 

usually consists of a tank in which the grain is agitated in a current of 

water and from which it is passed by means of a worm conveyor or similar 

contrivance. Clean water is allowed to enter in such a way that the 

grain leaving the tank meets the stream of clean water, while the dirty 
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water carrying the lighter impurities overflows at the further end. The 
heavier impurities settle to the bottom of the tank, and must be removed 
from time to time. In the case of Indian wheat these heavier impurities 
consist in great part of small pebbles, which have a market value for sale 
to keepers of poultry. The grain leaving the tank carries with it a good 
deal of dirty water, which is removed by means of a centrifugal machine, 
and discharged along with the water which escapes by the tank overflow. 

A patent washer of this type, constructed by Messrs Henry Simon, Ltd., 
Manchester, is shown in Fig. 6. The machine consists essentially of a 
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Fio. 6. — Grain-washing Machine. (Messrs Henry Simon, Ltd., Manchester.) 



water tank, divided into several compartments, and two inclined conveying 
worms, the casing of both worms being made of perforated brass. For 
the thorough washing of hard wheats the dry grain is fed into the 
bottom of the longer worm, which is immersed in the water. This worm 
carries the wheat up into a small hopper, from which it is fed on to 
a stream of water flowing over a finely perforated sheet of brass. By 
the action of a large plunger at the side, pulsations of the water 
are produced, and thus the wheat is thoroughly agitated in the 
water while it is flowing over the perforated sheet. At the end of the 
brass sheet there is a gap filled up with coarse pebbles followed by a 
low weir. The stones and clay balls, from their weight, find their 
way down through the pebbles into a box in the bottom of the tank, 
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whereas the wheat itself is carried by the water over the weir, and so 
down into the foot of the second worm, from the upper end of which it is 
delivered into the whizzer to be dried. Over this worm a row of water 
sprays is fixed so as to rinse the wheat finally with clean water. Softer 
wheats, not requiring so thorough a soaking, are fed into the hopper 
already mentioned so as to miss the first soaking. The clean water is 
sprayed upon the wheat leaving the washer and passes through the 
perforated casing of the worm into the tank beneath. From this it is 
pumped to meet the wheat as it falls from the hopper, and then passes 
along with the wheat to the second worm. A constant circulation of the 
water is thus kept up. An overflow is provided for any excess water, but 
most of that which escapes from the washer is carried into the whizzer 
along with the wheat. 

In another kind of washer the grain is fed into a hopper, where it is 
agitated by a stream of clean water which enters at the bottom and over- 
flows at the top, carrying the grain with it. Both grain and water are 
then run into a centrifugal drier, from which the dirty water continuously 
escapes. 

The quantity of water used naturally varies with the amount and 
character of the impurities present in the grain, and these depend 
largely on the kind of grain. English wheat is generally so clean that 
some millers do not think it requires washing. Indian wheat, on the 
other hand, often contains as much as 4 per cent, of dirt which can 
be removed by screening, and probably an equal amount which is removed 
in the washing. These varieties of wheat are at the extremes of the 
scale as regards dirt, whilst other varieties, such as Canadian and 
Russian, are intermediate. In one mill, where practically all kinds of 
wheat are washed, and where half the water leaving the washer is 
constantly pumped back for re-use, the average consumption of water 
amounts to 24 gallons for each quarter of grain washed. In another mill, 
where the wheat washed is almost entirely foreign, it is estimated that 
30 gallons of water are used for each quarter of grain, although here also 
there is a continuous circulation and re-use of water. At a third mill, 
where the supply of water is practically unlimited and none is re-used, 
nearly 100 gallons per quarter are used. 

The waste water from the washer is brown and muddy, containing 
considerable amoimts of clay and sand in suspension, and carrying with 
it chaff and light and badly formed grains. It contains in solution, as 
analysis shows (see Table XV.), considerable amounts of nitrogenous organic 
matter, and it is nearly always slightly acid in reaction, the acidity being 
due to acid fermentation of the organic matters extracted from the grain. 

The treatment of this waste water is not a difficult matter. It should 
first be thoroughly sieved or screened, and there are several forms of 
screening plant now on the market. They differ mainly in the arrange- 
ment of the sieve and in the devices adopted for keeping it clean. In the 
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plant (Fig. 7) of Messrs. Higginbottom &> Co., Ltd., Liverpool, the sieve is 
in the form of an inclined cylinder, into the upper end of which the dirty 
water is fed. The cylinder revolves and thus throws the screenings to 
the lower end, whilst the water escapes through the meshes. The screen- 
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ings are then passed between rollers to remove the excess of moisture. 
In this apparatus the screen is cleaned by means of jets of water. Fig. 8 
illustrates the form of apparatus made by Messrs Henry Simon, Ltd., 
Manchester. In this plant the sieve, which usually has 70 meshes and 70 
perforations per lineal inch, is fixed in an inclined position and kept clean 
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by means of travelling brushes. A plant which has proved very effective for 
the removal of fibres from dyewaters might also be adapted to the treat- 
ment of this kind of waste water. It is made by the Longwood Engineering 
Co., Ltd., Longwood, near Huddersfield, and is illustrated in Fig. 41. 
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The " beeswing " or screenings recovered in a flour mill by the use of 
such a plant vary in amount from one-fifth to one-third per cent, of the 
wheat washed. They are either mixed with the general offal from the 
mill or sold separately as poultry food, and yield a considerable return. 
In one mill, where 250 quarters of wheat are washed daily, and where the 



GRAIN WASHING, MALTING, BREWING, AND DISTILLING. 57 



total cost of the screening plant amounted to £250, the value of the 
screenings amounts to more than £100 per annum. 

The water escaping from such a screening apparatus is still a polluting 
liquid (see analyses in Table XV.). It should be passed through settling 
tanks to deposit the fine claj and sand, and the addition of a little lime 
assists in bringing down the fine particles in suspension and causes also 
precipitation of some of the organic matters in solution. The effluent after 
this treatment, if turned into a large body of running water, will have 
little appreciable efifect. If, however, a higher degree of purification is 
required, as for instance if the stream lower down is used as a source of 
water supply, it may be obtained by effective filtration. 

Sometimes the effluent from the screening apparatus is passed direct 
through high-pressure filters (see p. ^269), such as are manufactured by 
Messrs Bell Bros., Ravensthorpe, Yorks, Messrs Hawksley, Wild & Go. Ltd., 
Sheffield, or F. Candy, Westminster, London, and afterwards either re-used 
for grain washing, or used for feeding boilers. 

Malting. — The whole of the grain used in brewing and much of that 
used in distilling is malted before use, and from this process there is a 
considerable discharge of polluted water. The operation is described by 
the Royal Commission on Sewage Disposal, 1898 (Sixth Report, p. 4), as 
follows : — 

• " In this operation the barley is steeped in water in order to clean and soften 
it^ 80 that when removed to the malting floor it may germinate. Two methods of 
steeping are in use. In one, the barley is allowed to soak in tanks in two or three 
successive lota of water for a total period of about sixty hours ; in the other, 
water is allowed to flow into and out of the tank containing the barley, for the 
same length of time. The waste steep water which is produced by the former 
method is highly charged with organic matter — the first portion of it especially 
being a very foul- smelling and polluting liquid. In continuous steepmg the 
waste steep liquor is organically weaker, but there is necessarily a much larger 
volume of it. By the first method about 8 to 10 gallons of waste steep water are 
produced for each bushel of barley soaked. No records are available aa to the 
quantity of waste steep water produced by continuous steeping, but probably 30 
to 40 gallons per bushel of barley would be approximately correct. It is a grey 
or brown foul-smelling liquid, and it contains the dirt, dust, and grit which were 
mixed with the barley, together with certain soluble mineral s^ts and organic 
bodies, and colouring matter from the barley husks. The following are typical 
analyses of steep waters produced by the two methods : — 

Table XVI. 





Continuous Process. 


Quiescent Soaking. 


Ammoniacal nitrogen 

Albaminoid nitrogen .... 

Oxygen absorbed in four hours from 

^ permanganate at 27** 0. 


Dissolved oxygen taken up from water 

for complete oxidation 


Parts per 100,000. 
018 
0-45 

30-00 
(say) 260* 


Parts per 100,000. 
0-68 
2-24 

86-00 
(say) 700-800* 



* "These are estimates based on the analysis of a limed steep water." 
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Analyses of the discharges from a maltkiln where the barley received 
three steepings, in each of which 36 gallons of water per quarter of 
barley were used, are given in Table XVII., in which are also given two 
analyses of the first steeping water from another maltkiln. 

This kind of refuse, like that from grain washing, can be purified 
without any great difficulty. Probably the best method is irrigation on a 
suitable area of grass land, but other methods are available. If sus- 
pended solids are screened out, and the liquid is passed in a fresh state on 
to a percolating filter such as will be described in connection with the 
treatment of brewing refuse (see pp. 64 and 269), it can be purified to any 
required degree. The screened liquid, indeed, can be passed into running 

Tablb XVII. 

BARLEY -STEEPING WATERS. 

{HesiiUs expressed in parts per 100,000), 



Steep No. 



Total solids (dried at 100* C.) 
SoMda in suspension. Total 

Solids in solution. Total . 

»i II II i^®i^«; 

Chlorides (in term of NaCl) 

Nitrogen, ammoniacal 

albuminoid (Wanklyn) 

organic (Kjeldahl) 

Oxygen absorbed from — permanganate in 



II 
II 



80 

four hours at 267'* 0. . 
Acidity (in terms of lactic acid) . 
Hardness (in terms of CaCOs). Total 

Permt. 
Tempy. 



>i 



II 



II 
ti 



II 
II 



1. 


2. 


805*60 


14376 


5-20 


1-86 


0-40 


016 


800-4 


14-2-4 


171-0 


77-0 


45-0 


17-0 


0-48 


0-18 


2-47 


1-22 


4-41 


2-07 


44-00 


25-40 


82-4 


28-8 


74-2 


51-5 


44-3 


87-1 


29-9 


14-4 



11291 
0-11 
0-08 
1128 
62-0 
16-5 
0-02 
076 
1-47 



21-44 

27-0 

51-6 

37-1 

14-4 



1. 


1. 


474-86 


896 90 


2 96 


7-60 


0*64 


1-70 


471-4 


889-4 


233*4 


186-0 


81 


66 


0*99 


1-20 


4-80 


6 07 


11-06 


9*40 


39-92 


62*82 


104*4 


126 


82-9 


108 


78-1 


81*4 


4-8 


21-6 



streams, when these are of considerable volume, without producing any 
perceptible deterioration in them, but if discharged into sluggish 
streams or stagnant shallow ponds it is liable to undergo very offensive 
putrefaction. 

By means of biological filtration of the fresh refuse through a single 
percolating filter it has been found possible in laboratory experiments to 
effect a 90 per cent, purification, judging on the oxygen-absorbed figure, 
and to produce a well-nitrified non-putrescible effluent. The Royal Com- 
mission, 1898 CSixth Report, Appendix II. p. 31), obtained similar 
results. They used a filter 12*25 feet in diameter and 10-5 feet deep, 
containing 45 cubic yards of coarse clinker. The filter was fitted with a 
small revolving distributor fed automatically from a 5-gallon tipper. 
The steep water was treated with a small quantity of lime, settled, and 
applied to the filter at the rate of 25 gallons per cubic yard per 
day continuously throughout the whole- of the twenty-four hours. The 
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effluent obtained was uniformly good, and it was found that it produced 
no bad effects when discharged into a channel carrying an equal amount 
of clean water. It will be noted that in this case the steep water was 
limed, but in laboratory experiments the liming was found inadvisable, as 
it caused the liquid to putrefy rapidly and become very offensive. 

Brewing. — Brewery refuse causes very marked pollution when discharged 
into a stream. It contains many suspended solids, such as spent hops and 
grains, much dissolved organic matter from the materials used in brewing, 
and in addition carries with it many living ferments and moulds, so that 
immediately it is discharged it begins to decompose, and in this decom- 
position it gives off a peculiar and most offensive smell. 

A brief description of the process of brewing will best show the sources 
of the polluting discharges. The brewer who buys his malt first puts it 
through a process of dressing to get rid of dust and germs. There should 
be no liquid refuse from this process, but in some breweries it is said to be 
the practice to transform the dust into mud by spraying it with water and 
to wash it down the drains. The waste water thus produced must be 
highly charged with organic matter in suspension, and in many cases will 
also contain considerable quantities of arsenic, which is nearly always 
present in the dust of malt. 

The dressed malt is passed into large '* mash tuns," where hot water is 
sprinkled upon it in order to extract all the soluble matter, the watery 
extract, known as '* wort," being drained from the mash tuns into a large 
storage vessel, the "underback" or **wort receiver," or directly into 
a copper. 

When the mashing is completed the wort is run into a copper, where it 
is boiled and where hops are added, and when the boiling and infusion of 
hops is completed, the wort is run into a ** hopback," where the liquid is 
drained off from the hops and from which it is passed through a cooler and 
refrigerator into the fermenting vessels. In the cooler, which is a shallow 
vessel for exposing a large surface of the wort, many albuminoid sub- 
stances settle as the temperature of the liquid is reduced. 

In the fermenting vessels yeast is added and the fermentation is 
allowed to go on until the beer is ready to put into casks, which are 
usually filled directly from the fermenting vessels, but sometimes from a 
special ''working or settling back" into which the contents of the fer- 
menting vessels are first poured. 

The grains or spent malt from the mash tuns are removed to some 
place of storage from which they can be distributed as required, being 
generally sold for feeding cows and pigs ; and as they are quite saturated 
with water when first removed from the mash tuns, a considerable quantity 
of water drains away from them, and this contains sufficient organic 
matter to give rise to decomposition. A similar liquid drains from the 
spent hops when they are removed from the copper or hopback. 

From the fermenting vessels, while the fermentation is going on, large 
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quantities of yeast froth up and are allowed to overflow. This yeast is 
sometimes stored for sale or for re-use, or is sometimes passed through 
filter presses, which express the liquid and leave the yeast in the form of a 
cake. It may be noted that where 100 lbs. of yeast are added to a fer- 
menting vessel, 600 lbs. are often obtained as the result of fermentation. 
Sometimes the yeast is washed down the brewery drains, and when it is 
pressed the watery liquid draining from the presses is allowed to escape by 
the same channels. These yeasty liquids are particularly liable to undergo 
rapid decomposition, accompanied by the formation of acetic, lactic, and 
butyric acids. 

In the cellars where the casks are filled they are allowed to remain 
until some further fermentation has taken place in the beer, and froth and 
beer are spilled on the cellar floor and allowed to escape into the drains. 
In the cellars also " finings " of gelatine are added to the casks of beer, and 
the washings of the casks of finings are poured into the drains. 

The direct discharges of waste waters from the brewing processes are 
therefore the drainage from the grains and hops, the yeast or the liquid 
pressed from it, and the beer spilled from the casks. These, although 
highly impregnated with organic matter, and in the latter two cases 
crowded with germs of fermentation, are only small in amount compared 
with the total quantity of waste water discharged from a brewery. 

Successful brewing, being dependent upon a well-regulated process of 
fermentation, can only be carried on under conditions of the utmost clean- 
liness. Dirty vessels or dirty premises, by favouring the growth of 
putrefactive and other undesirable bacteria, are certain to interfere with 
the production of good beer. The whole of a brewer's apparatus and 
premises must therefore be frequently and thoroughly cleansed, and the 
bulk of the waste waters discharged from the brewery are those which 
have been used for washing purposes. The mash tun, the underback or 
wort receiver, the copper, the hopback, the cooler and refrigerator, the 
fermenting vessels, the yeast backs, the casks, the floors and walls of the 
various rooms, are all frequently swilled with cold or hot water, which 
carries away with it some part of the organic matters which have been 
contained in the various vessels. In cleansing the copper and the wort 
mains — copper pipes for conveying the wort to and from the copper — soda 
or potash is used, and in cleansing the casks, soda, permanganate of potash, 
quicklime, or calcium bisulphite is frequently used. 

Perhaps the greatest source of pollution is the cask washing. The 
casks as they return to the brewery often contain quantities of sour beer 
and hops, a handful of the latter being usually added to each cask of beer 
before it is bunged up, and these are washed out when the cask is 
cleansed. At breweries where beer is bottled there is a similar, but 
smaller, discharge from the washing of the bottles. 

In addition to all these polluting liquids there is also at every brewery 
a large discharge of quite pure water which has been used in the 
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refrigerators and for " attemperating." The refrigerator is an arrange- 
ment of metal pipes exposing a large surface, on the outside of which 
the wort in its passage from the cooler to the fermenting vessels is exposed 
in thin layers, while through the inside a stream of clean cold water is 
constantly running. Brewing can only be carried on properly at a 
moderate and equable temperature, and in each fermenting vessel there 
is usually a coil of pipes through which a stream of cold " attemperating " 
water is kept running for the purpose of keeping the temperature of the 
vessel contents within bounds. These refrigerating and attemperating 
waters are thus free from pollution, and there is no need to discharge 
them along with the trade refuse. In many cases they are conveyed to 
a tank from which they are pumped for re-use, and where this is not done 
they should be discharged by a separate outlet to the nearest stream. 

It has been found a matter of great difficulty to obtain anything like 
reliable figures of the quantity of water used by brewers. One authority 
states that for every barrel of beer brewed (excluding the water used for 
cooling and attemperating), about eight barrels of water are required, that 
is, that for every barrel of beer there are seven barrels of dirty water. In 
several breweries where the water supply is passed through a meter the 
quantity of refuse has been found to be between 500 and 600 gallons per 
100 gallons of beer brewed. In one case, however, the brewer states that 
he uses only 100 gallons of water for cask washing and 25 gallons for 
washing down the brewing plant for every 100 gallons of beer brewed. 

Table XVIII. gives the analyses of most of these kinds of waste waters 
and of average samples of the mixed refuse. It will be seen that many 
of the samples were acid in reaction. The amount of acid present must 
not be taken as being there when the samples were fresh, for the acid 
fermentation was, no doubt, proceeding during the interval between the 
taking of the samples and their analysis. 

The treatment of brewery refuse is not always a problem easy of 
solution. In the case of a small brewery in the country very effec- 
tive purification can be attained by irrigation of the refuse upon old 
pasture, and this is the method adopted by many brewers. By a little 
attention to the proper distribution of the liquids they may be dealt with 
very effectively and with advantage to the growth of grass. In cases 
where sufficient areas of land are available all the refuse is absorbed, and 
in others where an effluent escapes over the surface or through the soil it 
is so purified as to produce no appreciable effect in a stream. In all cases 
before passing the refuse over the land it ought to be passed through 
screens and settling tanks to remove suspended solids. 

The treatment of brewery refuse by irrigation upon land on a large 
scale is not an easy matter. At Burton-on-Trent, where the daily flow of 
sewage amounts to 5,300,000 gallons, of which 66 per cent, is brewery 
refuse, although 613 acres of arable land are used for its treatment, the 
results are not always satisfactory, and there have sometimes been com- 
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plaints of offensive smells. Here the sewage is limed at the rate of 40 
grains per gallon, but it is neither screened nor settled before being 
applied to the land. 

Frequently, however, a brewer has not a sufficient area of land upon 
which to irrigate his refuse, and then resort must be had to more artificial 
methods. The ordinary methods of chemical precipitation followed by 
straining filters cannot be relied upon to produce a good result, and 
recourse must be had to biological treatment, but the biological purifica- 
tion of such a liquid is by no means so easy as that of domestic sewage. 
One factor to be reckoned with, is the presence of large quantities of spent 
hops, spent grains, yeast and corks, which, however, can easily be caught 
by the provision of arrangements for effective screening, and by placing 
scumboards to catch floating matters on any settling tanks which may be 
used. Another factor raises greater difficulties. Owing to acetic, butyric, 
and lactic acid fermentation of the organic matters the refuse is either 
strongly acid as it is discharged or almost immediately becomes so, and 
while in this acid condition is not amenable to the action of those other 
ferments and organisms which bring about the purification of ordinary 
sewage. This has been well pointed out by W. Naylor, F.C.S., in his 
book on Trades* Waste (Chapter V.), and by other observers. 

Mr Naylor advocated the addition to the refuse of a quantity of 
domestic sewage or sewage sludge, the mixture being dealt with in a septic 
tank, and by this treatment, he stated, the ordinary changes which take 
place in sewage are induced and prevent the acid fermentation. This is 
true to some extent, but this inhibiting effect of the sewage cannot be 
depended on for any length of time, and works constructed and used on 
this principle at Hook Norton Brewery, Banbury, and at Fountains Free 
Brewery, Blackburn, although for some time giving good results, failed to 
do so continuously. It is also a serious drawback to this method that the 
septic tank effluent has a most objectionable smell. Another method of 
overcoming the acid fermentation is by treating the refuse with lime. This 
neutralises any acidity, but unless added in very large quantity does not 
kill the ferments, and the liquid when allowed to stand soon becomes acid 
again. Because of this rapid acid fermentation the treatment of brewery 
refuse in contact beds is not successful, as the length of time necessary 
for filling the bed and allowing it to remain full gives too much oppor- 
tunity for the action of the acid-forming bacteria ; and at times the whole 
bed seems to become charged with the bacteria, a state of matters difficult 
to remedy except by removing the filtering material and constructing the 
bed afresh. 

When the refuse is kept from becoming acid, and has its suspended 
solids removed, it can be thoroughly purified by treatment on continuous 
filters, although more repeated filtrations may be required to produce a 
satisfactory effluent than would be needed for ordinary sewage. 

Such an installation, carried out by Mr J. T. Chambers for Messrs Seth 
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Senior k Sons at Kighfield Brewery, Sheplej, near Huddersfield, is shown 
in Fig. 9. At this brewery the refuse comes from all the processes incidental 
to the brewing of beer and porter, except that there is no barley-steeping 
water, the malting being done elsewhere. It averages about 10,000 
gallons a day, or about thrice the volume of beer brewed. It first passes 
through a small sump in the brewery yard, 6 feet square and 4J^ feet 
deep, where grosser solids are retained. They are removed every few 
days, and amount to nearly a ton a week. 

From this the refuse is conveyed to three stone-built settling tanks, 
each of 12,000 gallons capacity, and fitted with floating arms for decant- 
ing the liquid, and sludge valves for discharging the solids which settle as 
sludge. A day's discharge of refuse practically fills one tank, and to this 
is added about 140 lbs. of dry lime, or 100 grains a gallon, which is thrown 
by shovel over the surface of the tank contents. The liquid thus neutral- 
ised is allowed to stand overnight to allow of the settlement of the solids, 
and thus clarified is decanted by means of the floating arm. The method 
of adding the lime is an extravagant one, and probably half the amount 
would be sufficient if it were added as milk of lime. 

The tank effluent is conveyed to a circular filter, to which it is applied 
by means of an automatic revolving distributor of the usual type (Adams'). 
The filter is 30 feet in diameter or 78 square yards in area, and is 6^ feet 
deep. It is composed chiefly of broken stone, the pieces varying in size 
from 3-inch cubes at the bottom to ^-inch at the top, with a covering 
layer of coal about 1 foot in depth, and of ^-inch gauge. It is built upon 
a concrete floor and underdrained by numerous tile drains. The rate of 
feeding this filter is regulated by the outlet valve of the settling tank. It 
would no doubt be a better arrangement if the liquid were applied in 
intermittent doses by means of a tipper. 

The effluent from the first filter passes through a catchpit 6 feet by 
6 feet and 2^ feet deep, and is conveyed to a second filter 160 square 
yards in area and 6 feet deep'^ This is filled with coke in sizes varying 
from 3-inch to ^-inch cubes, covered by a layer of sods, broken into pieces 
of some 4 inches square, to foster nitrification. It is underdrained with 
ordinary field drain pipes. The liquid is applied to it by means of spray- 
ing jets, which are fixed 6 feet above the surface of the material. The 
effluent from this filter is discharged to the stream. 

The drain from the first filter to the second is about 300 yards long, 
and in this there is a considerable deposit of gelatinous fungus {0o9pora 
Idctis)^ which clogs the jets and thus interferes with the proper distri- 
bution of the liquid on the second filter. A catchpit should be provided 
on the drain, with a bottom valve by means of which this fungus could be 
flushed out on to the surface of a field. 

The sludge from the settling tanks is discharged on to three sludge 
beds, each about 23 square yards in area, formed of 2 feet of stone and 
cinders, with underdrains discharging to the surface of adjacent grass land, 
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where the liquid is absorbed. Each tank is sludged on an average once 
in three weeks, and then contains about 3 inclies of liquid sludge 
(say. 6 cubic yards). About five loads of air-dried sludge are produced 
per month. 

The total cost of these works, exclusive of the site, is estimated at 
£1050. The labour required, including the sludging, takes half a n^an's 
time, and costs 10s. 6d. a week, and about a third of a ton of lime is used 
weekly. Allowing 10 per cent, on the outlay for interest and depreciation, 
these figures give 11 '6 pence per 1000 gallons as the cost of treatment. 

Analyses of the refuse and effluents are given in Table XIX. The 
effluent is discharged into a very small stream, Shepley Dyke, the volume 
of which in dry weather is less than the volume of the effluent. Formerly 
the bed of this stream was covered with fungus (chiefly Sphcerotilus natans 
with filaments of Crenothrix polyspora)y and its water had a very offensive 
smell of brewery waste. Neither the smell nor the fungus has quite 
disappeared, but both are now little noticeable. 

It will be noticed in the analyses of the final effluents that practically 
no nitrates are present, and this may be taken as a sign that the purifica- 
tion has not proceeded so far as might be wished. In the course of some 
experiments {Jawrn, Royal San, Inst., 1904, vol. 25, part 3, p. 574) it was 
found that by finally passing a similar filter effluent through garden soil 
nitrates were produced, and it was because of this that the final filter at 
Shepley was covered with sods. Dr Calmette (Eecherc?ieSy vol. 3, p. 74, and 
vol. 6, p. 208) has concluded from his experiments that in the purification 
of liquids such as these the carbohydrates present greatly retard, if they do 
not prevent, nitrification, but the experiments on the purification of barley- 
steeping water and of brewery refuse, which have been mentioned above, 
show that it is certainly possible to bring about nitrification. 

Messrs Clark & Adams have gone carefully into this question, and have 
shown (Joum, Ind, Eng, Chem,^ 1912, vol. 4, p. 272) that such substances 
as sugar, molasses, butyric acid, alcohol, and wool-scouring refuse, bodies 
rich in carbon, have a strong effect in checking nitrification, and may even 
stop it when present in sufficient proportion. They find that even when 
nitrification is checked the purification effected as judged by the al- 
buminoid ammonia and oxygen-absorbed figures is not materially lessened, 
but that when ammonium chloride is added to the liquid under treatment 
this check in nitrification does not take place. 

Brewery refuse, unfortunately, yields no bye-products worth recovery, 
so there is little prospect of the brewer's recouping himself for the expense 
of treatment. Much yeast is certainly allowed to run to waste which 
might be kept back and re-used or sold, and there is a small demand for 
the crude refuse by manufacturers of fine wire, who use it for wire 
steeping, no doubt on account of its acidity ; but the quantity which can 
thus be disposed of is very small. 

DistiUillg. — ^The Royal Commission on Sewage Disposal, 1898, have 

S 



66 



TRADE WASTE WATERS. 



X 

X 

H 

n 
Eh 



OS 




sz; 




o 




TO 




-id 




P< 




O 




H^ 




{z; 




[^ 




(» 




W 




H 




» 




QQ 




'^-^ 




>< 




» 




iJ 




Pu 




C4 




» 


^^ 


QQ 




M 


^^ 


>i 


qT 


c4 


o 


(a^ 


»H 




k 


Pt3 


•s 


PQ 









En 

n 
w 

H 
oo 

O 

CO 
>^ 
•J 






• 

8 

A. 

m 

1 


^ C* 00 "^ 
« • • . 

«> CO t^ Ol 


-**>► w 
• • • • 

eo r-H a> o) 
o r« 

• • • • 

«o CO 00 

^ eo 00 e« 


0^ 

• 

00 

• 

CO 


a* f* at 

• • • 

CO W> tN. 

rH rH •-< 

CO fH 00 

• • • 

0» t^ <N 

''^ CO 00 


CO (Ng 

l-H 0» *9 

■^ *>.00 

■ • • 

iC (N 

0« G^r-I 


00 lOOk 
• • • 

rH 00 i-t 
00 04 


|>.tN. !>. 00 

' • • • • 

>0 00 00 «o 
"•Iff W M W 


^ « CD 

• • • 

oa CO 

»H i-H 


3 


00 A t^ 

* • • • • 

: i-H f-H <o 00 

r^oo eo 04 


kO 00 t» » 

• • • • 

CO 00 lA tN. 
CO 00 ^ 00 


9 

00 


10 94 !>• 

• • ■ 

CO C4 
CO to »A 


»^ 00 00 

• • • 

(N C4 04 

•^ ^ ^ 


l>« rH 10 

• • • 

^ 04 00 



Alkalinity (aa 
NagCOa). 




000 

• • 

"44 00 
C4 f-« 









00 00 "«« 

00 00 t^ 

• • ■ 

■^ -^ o 

04 (N CO 



CO a> 

04 ** 



Acidity (as Lactic 
Acid). 



o 
o 

a* 



00 



o o 

o to 

00 






.0 

^ i SS 



s. 55 



II 



CA 



o a 
00 o I 



00 1» CO eo 

O CO 04 CO 

• ■ • • 

■^ 04 00 o 



04 eo o r-i 
o CO eo to 

• • • • 

A 04 ^ 00 



00 

CD 
04 



00 to t>- 

»0 CO «>• 

• • • 

00 t^ CO 
C4 



CO 04 -« 

00 r-i Ok 

• • • 

CO CD f-H 



00 CO o 

1-^ 00 00 



to 






!>. 10 01 to 
»p r!< ©4 r- 

f^ 00 1^ «9 

eo fH rH 



A 00 00 Ok 
00 00 C4 p 

1^ lb o fH 

00 f-H 04 fH 



00 



f-« f-H lO 

eo 711 fH 
'^ a» lb 

04 



<« ^ CO 
CO 00 o 



C0 04 04 

CO A ^ 



t>. 00 CO *H *H f-l 



Organic 
(KJeldahl.) 



»s. to o to 

•-H r-i "«»< CO 



t» to 10 CO 
CO t» 04 Ob 



00 



0»04fHO e004MO 



««> 00 00 
to 01 1» 

• • • 

04 rlO 



a» CO o 
00 r>. t^ 



tN.to 00 

CO 00 04 



tH O O 000 



AlbumiDoId 
(Wanklyn). 


-^ -« fH CO 
• to iH CO 04 

• • • • • 

■^ *H 


00 "4(0 

O 00 iH 10 
• « • • 

»H »-l i-H 


04 

• 




»^ 00 CO 

fH 1000 
• • • 

fH 00 


00 00 00 
00 00 

■ ■ • 

rH 


00 Ok rH 

rH f-N i-H 

• • • 

000 




-•So 



4 

< 




■ 

00 

00 


t>.eo 

• • • • 

fH 00 t<« r» 

'<«» eo -^noo 


00 00 04 

• • • • 

00 CO «^ 
00 ■* -* "^ 


• 


10 


04 00 

• • ■ 

CO CO •««« 
00 00 00 



000 o too 



00 00 00 
04 04 04 



•-• CO 00 
00 04 04 



S 

O 

H 



O OtOkOeO OOOlOA 

CO A o> CO "^f 

CO t>« 00 00 CO 



04 



CO CO tx 04 


O) 


00 to 


04 !>. t>. 


10 


fH t>- CO 



O "^ ■"•• 04 CO 04 

* ■ • • ■ B 

t>o 04 o» 

to CO <« 



"^ "^ 04 

• • ■ 

^ IH |Nl 

■^ -^ ^ 






o 
00 



o o 10 o 
o t>* eo Ok 



to CO CO CO 
Oa t» r-^ *H 



o 
o 



000 

00 lO »H 



0-^0 
I"* ■"•• CO 



04 O O 

to t» 10 



04 Oi iH tH A 04 rH I-H 1^ 04 00 ■« 00 rH <^ eO iH fH 
•^ iH 



J 

I o 
! H 



O 

CO 

00 



o o o to 

*>• 04 "Jf 00 

04 00 00 lb 
00 fH 



O 04 00 CO 

-^ rH 01 oa 

■ • • • 

O •« O) to 



00 

o 



2C 

CO f-t 



o 
to 



rH O t^ 



O 00 o 

9* T** ^ 
eo -^o 
eo fH 



QOOO 

• • • 

CO CO 01 



h5 



o 
00 

• 

Ok 
CO 



o o o 10 

CO fH 0» CO 



04 00 rH 
CO to A 
04 wt 



at 

CO 



O 04 00 CO 
^ Ok t» 00 

• • • • 

CO O to 00 
CD 00 rH t>. 



00 
04 

to 

CO 



000 

CO to Od 

■ * • 

Ok O 04 
04 00 t» 



O 00 O 

rH o oa 

■ • ■ 

rH |>-0» 

Oft CO to 



000 o 

00 IH rH 

• • • 

o to o 
to ^ to 



0) 



8 


a 


4 


S 


w 







£ 




01 




r-4 








1 



«2 ss fe 3 

sssi 





.3 






9 



S 
3 



Of 



a 

0) 

a 
« 
IS 



•s ■ 

« • » 
f^ fe ^ 

'S'i'3 

d eS 
<8 O 'iH 



a 
• •§ 


1 
. . • , 


ggl 


-**+**> ' 


8 fl a ' 


s » 


a> a> 


«2 fe 


d fl 53 , 


SB;S 


mwiB < 


© *a 


« 


'i'S'i 


-s-a-a 


sii 





GRAIN WASHING, MALTING, BREWING, AND DISTILLING. 67 

dealt very fully in their Sixth Report with the nature and disposal of 
liquid refuse from distilleries, and the following remarks are chiefly taken 
from this source and from a paper by James Hendrick, B.Sc, F.I.C. 
(Joum, Soc. Cheni. Imi.y 1901, vol. 20, p. 450). 

The early stages in the manufacture of whisky resemble the opera- 
tions in brewing, except that the fermentation of the wort is carried 
further with the object of producing more alcohol. The fermented wort 
is distilled until about one-third of its bulk has passed over, the distillate 
being termed the "low wines," and the residue in the still, "pot ale," 
** burnt ale," or " spent wash." The low wines are subjected to a second 
distillation, about one-third to one-half being distilled over and collected 
in portions to be blended into whisky. The residue in the second still 
is known as " spent lees." 

The processes from which distillery refuse is produced are therefore : 

1. Malting the barley. 

2. Mashing the malt. 

3. Fermenting the wort. 

4. Distilling the wash. 

5. Distilling the low wines. 

6. Washing and swilling. 

The disposal of such refuse as results from the iirst three and the last 
of these processes has already been dealt with. From the two distillation 
processes very polluting waste liquors are derived. When the wash or 
fermented wort has been distilled there remains in the still the pot ale, 
a dark brown turbid liquid liable to undergo rapid putrefaction with 
accompanying acid fermentation. It contains mineral salts and much 
extractive matter from the barley, and numbers of broken-down yeast 
cells. The amount produced is from 12 to 14 gallons per bushel of 
barley malted. 

The spent lees, or residue from the distillation of the low wines, is 
naturally a less polluting liquid than pot ale. It amounts to 3 or 4 
gallons per bushel of barley malted. Analyses of these liquids are given 
in Table XX. 

The Royal Commission report that, from the evidence before them, 
even the worst of distillery refuse, the pot ale, can be purified on land, 
and, where sufficient land of a suitable character is available, this is 
probably the best way of disposing of the whole of the refuse from a 
distillery. As was suggested in the case of brewery refuse, it would 
probably yield the best results if the refuse were carefully distributed 
upon considerable areas of old pasture. The Commission recommend 
that the solids should first be removed from the refuse, and that the land 
in use should be limed from time to time. 

At some distilleries the pot ale is evaporated and the solid residue 
either burned or sold as manure, but this method is too expensive to be 
applicable to the whole of the refuse, and, unless precautions are taken, 
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the offensive smells produced are likely to cause nuisance in the 
neighbourhood. 

The purification of distillery refuse in contact beds has frequently been 
attempted, and this method was recommended by Professor Hendrick in 
the paper quoted above, but on the large scale the results have never 
been satisfactory. The reason for this has been explained in dealing with 
brewery refuse, and the Royal Commission conclude from their experi- 
ments that even when pot ale is diluted to ten times its original volume 

Table XX. 

POT ALE AND SPENT LEES. 

{Results expressed in parts per 100^000. ) 





Total 
Solids. 


Solids in Sus- 
pension (dried 
at 100" C). 


Nitrogen. 


Oxygen absorbed 
from ---permanganate 

at 27* C. in four hours. 


Totol. 


Ash. 


• 

1 


Albuminoid 
(Wanklyn). 


Organic 
(Kjeldahl). 


Pot ale : 
Malt distillery 


• • • 


« a • 


• * • 


3-82 


60-40 


• • • 


1177-8 


i» )» 


• • • 


• • • 


■ ■ • 


12-16 


• • • 


156-90 


1181-0 


II II 


3689 


701-6 


22-6 


4-90 


96-00 


202-70 


1657*0 


Grain ,, 


2666*0 


1624-0 


24 


1-02 


66-00 


154-70 


1133-6 


Spent lees : 
Malt distillery 


• • • 


• • • 


• • • 


Oil 


0-19 


0-21 


58-6 


II 1 


17-9 


1-1 


0-7 


0-04 


05 


0-16 


16-2 


II II 


24-4 


3-2 


1-4 


0-04 


0-06 


0-08 


17-6 



and treated with lime, six contacts are not sufficient to produce a good 
effluent. 

The Commission found that the pot ale diluted with water to twelve 
times its original volume, treated with lime and settled, could be purified 
upon a percolating filter at the rate of 20 gallons per cubic yard per day. 
The filter they used was 24 feet in diameter, 12 feet deep, and was filled 
with coke in pieces varying from 1 inch to 3 inches in diameter. It was 
fed intermittently by a revolving sprinkler. The effluent from. this filter 
was strained through a shallow filter composed of a 1-inch layer of sand 
lying on a 3-inch layer of gravel. The average composition of the liquor 
going on to the Qlter and of the final effluent are given in Table XXL 
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The experiments of the Commission appear to show conclusively that 
by repeated treatment on percolating filters any necessary degree of 
purity in the effluent can be obtained. It will be noted in the analyses 
that purification had proceeded so far that nitrates were produced, cor- 
roborating the results obtained experimentally in the treatment of brewery 
refuse, although, as mentioned above, Professor Calmetto has doubted 
the possibility of obtaining nitrification in liquids containing so high a 
proportion of carbohydrates. 

The Commissioners state that the effluent was non-putrescible and 
absorbed oxygen only very slowly from water. Experiments were also 
carried out to test the effect of this effluent on a running stream, and it 
was concluded that the effluent would not injure any stream into which 
it might be discharged. It was indeed found that the effluent, even by 
itself, was harmless to trout. 

Table XXL 
FILTRATION OF LIMED DISTILLERY REFUSE. 

{Results expressed in parfjt per 100^000), 





Solids in 
Suspension. 




Nitrogen. 




Oxygen absorbed 
from — perman- 
ganate at 2V C. 
in four hours. 


• 

§ 

S 
< 

0*42 
0*03 


Albuminoid 
(Wanklyn). 


Organic 
(Kjeldahl). 


•1 

• • • 

0-66 


Tank effluent . 
Final effluent . 


6 13 
less than 1 '00 


2-88 
0-14 


6 68 
0-36 


71-10 
1-75 



Stevenson Macadam, F.I.C., F.C.S., however, in a report on these 
experimental works of the Royal Commission (Sixth Report, Appendix YI., 
p. 79), concludes that the effluents still contain objectionable polluting 
matter, foreign to the pure natural waters of the district. He points out 
that the experimental works were small in size and under highly skilled 
supervision, so that the results were better than would be obtained on a 
large working scale with ordinary attention. He suggests that the pot 
ale could be concentrated by evaporation and would then form a valuable 
cattle food, while the other waste waters could be re-used in the steam 
boilers and for other requirements of the distillery. 

American experience supports this view, for in a report by Hermann 
Stabler in 1906 to the United States Geological Survey on the prevention 
of stream pollution by distillery refuse, a system of evaporation is fully 
described as in successful use at Lynchburg Distillery, Ohio, where malt, 
com, and rye are distilled. Mr Stabler first discusses the nature of the 
waste waters, their effect upon a stream, and their purification by filtration. 
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precipitation, fermentation, and evaporation. He comes to the conclusion 
that it is best to evaporate the pot ale and spent lees and to make the 
recovered solids into cattle food. The process adopted is to screen out 
all the grosser suspended matter and to dry it by filter pressing. The 
liquid is then evaporated in a triple-effect evaporator, and the concentrated 
syrup mixed with the cake from the press and dried in a hot-air drier, to 
be used as a cattle food. ' The distillate from the evaporator is used for 
mashing. It is shown that the process, although costly to instal, is a very 
profitable one, yielding, according to Mr Stabler, 73 per cent, per annum 
on the outlay. The adoption of this process would leave, in the case of an 
ordinary distillery, only the malting and washing and swilling waters to 
be dealt with, and this, as has been shown, is a comparatively easy problem. 

Summary. — In conclusion it may be stated that the liquid refuse from 
all the processes of grain washing, malting, brewing, and distilling can be 
effectively purified by irrigation on a sufficient area of suitable grass land. 
For the first two kinds of refuse it may be suggested as a minimum that 
an acre should be provided for every 10,000 gallons of daily flow, whilst 
for the other two kinds at least four times this area would be necessary. 

Where such land is not available the screened grain-washing refuse 
and the steep waters from malting can be purified by treatment upon per- 
colating filters, followed by straining filters of sand and gravel. The rate 
of filtration through the percolating filters should not exceed 40 to 50 
gallons per cubic yard of filtering material, and the filter effluent should 
not be applied to the straining filters at a rate greater than 250 gallons 
per square yard per day. 

In the case of brewery and distillery refuse any required degree of 
purification can be attained by precipitation with lime, settlement in tanks, 
and treatment of the tank effluent by repeated applications to percolating 
filters, followed by sand strainers. The rate of this application to the 
percolating filters should not exceed 20 gallons per cube yard per day for 
each filtration, and the rate of application to the sand strainers should, as 
in the former case, never exceed 250 gallons per square yard per day. The 
construction and cost of such purification works are given in Chapter XI. 

In the case of a distillery, the pot ale and spent lees can be profitably 
evaporated to dryness and used as cattle food, when the remaining waste 
waters can be dealt with like those from malting and grain washing. 
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CHAPTER V. 

THE LEATHER TRADES. 

Branches of trade — Tanning — Soaks — Limes — Tan pits — Mineral tannages — Leather 
dyeing — Currying— Fellniongering — Picker making — Rug making — Character of 
refuse— Treatment — Bibliography. 

Under this title may be grouped five industries, those of tanners, curriers, 
fellmongers, picker makers, and skin-rug makers. In all five the liquid 
trade refuse consists in great part of animal matter in solution and sus- 
pension in water, often in a state of commencing or advanced putrefaction, 
is of a grossly polluting character, and is apt to give rise to great nuisance 
when turned into a stream. 

Tanning. — The processes of tanning are rather complex and vary 
greatly in different tanneries, but the older and morie ordinary methods 
may be thus briefly described. The skins, pelts, kips, or hides, as they 
are variously named, are first steeped and washed in pits of water — the 
"soaks." In the case of fresh hides this is done to wash out all dirt and 
blood, and soaking is then rather a misleading name for the process. The 
sun-dried, or arsenic or salt-cured hides from abroad, however, require to 
be soaked for some time until they become softened and freed from the 
curing material. The water in the soaks is frequently changed, usually 
several times in dealing with one lot of skins, or the soaks may be so 
arranged that a stream of water is constantly passing through them. 
When discharged, the water carries with it dissolved and suspended 
animal matters, dirt, and sand, which have been washed from the goods, 
and often salt or arsenic washed out from skins which have been cured 
with these materials. 

From the soaks the skins are removed to pits containing milk of lime, 
and in these ** limes" they are steeped for a considerable time in order to 
bring about a loosening of the hair. To accomplish this effectually it 
seems necessary that while in the limes the skins should just begin to 
undergo putrefaction. The process is, in fact, partly a chemical one, the 
lime being an active agent, and partly bacterial, the putrefaction set up 
by the bacteria playing perhaps the greater part in loosening the hairs 
from their sheaths in the skins. It is thus not necessary or indeed possible 
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to use a fresh quantity of milk of lime for each lot of skins, for the lime 
pit must become ripened by the growth of bacteria before it will act 
properly. 

The limes are therefore not often discharged, and some tanners say 
they never discharge them, but constantly refresh them and keep them 
up in strength by the addition of fresh quantities of lime and water, 
removing at the same time spent lime and other solids which settle at the 
bottom of the pits. In fact, however, the limes become clogged up with 
spent lime and dirt, or they become so highly charged, especially in hot 
weather, with putrefactive germs that they act injuriously on the skins. 
They are therefore from time to time discharged, although it may be at 
long intervals. Even if it were not so the liquids in them do escape, for 
they are soaked up by the skins and, when these are drawn out upon the 
floor of the tannery and placed upon the " beams " in order to have the 
hair scraped off, the lime water drains or is squeezed out of them, and is 
often washed down the drains when the floor is swilled. The liquid refuse 
from the limes is one of the worst kinds of trade refuse, being always far 
advanced in putrefaction, very highly charged with lime, and also with 
organic matter in solution ; for although lime in small quantities precipi- 
tates such substances, it has a solvent effect when present in excessive 
amounts. 

After the skins have been thoroughly scraped, first on the outside to 
remove all hair, and afterwards on the inside to remove loose pieces of 
connective tissue or " fleshings," they are treated in "bates" or "puers." 
These are pits of water containing, in the case of "bates," pigeon or hen 
dung, and, in the case of " puers," that of dogs. This mixture has the 
double eflect of killing or neutralising the lime, which would be detri- 
mental in the after process of tanning, and of altering the physical 
condition of the skins, in order to produce light leathers with a soft grain. 
Here again, as in the limes, the action is a complex one, partly physical 
or chemical, due to the organic acids present, and partly bacterial, for 
these acids are gradually formed by the action of living organisms on 
the excreta in the liquids. The contents of the bates or puers after a 
time become useless, partly no doubt because the liquid gets highly 
charged with lime from the skins, and partly because putrefactive germs 
develop in large numbers. The liquids are therefore discharged from 
time to time, and the pits made up afresh. This class of refuse, as may 
be imagined, is of a very objectionable character. 

When removed from the bates or puers the skins are rinsed in water 
and are then ready for the actual process of tanning. In the ordinary 
process of tanning with extracts of various vegetable matters, of which 
oak bark may be taken as representative, the skins are placed for long 
periods in tan pits containing a watery extract of tanning material, being 
first steeped in a weak tan liquor and afterwards in liquors of gradually 
increasing strength. As the tanning materials are of considerable value, 
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it is to the advantage of the tanner to prevent their escape. The tan 
liquors are exhausted as far as possible, and are often retained and 
strengthened from time to time. In such cases the tan pits are very 
seldom discharged and in some tanneries seem never to be let off. 
Generally, however, they are from time to time discharged, and in all 
cases there is a constant escape of small quantities of tan liquor, which 
drains from the skins as they are removed from one pit to another. This 
it is which gives the refuse of a tannery its characteristic brown colour, 
turning black when mixed with any iron, as for instance when the refuse 
is discharged into a stream the waters of which are ochrey. 

The waste tan-pit liquors are not in themselves very objectionable or 
liable to give rise to nuisance by decomposition, but they are very detri- 
mental to any stream into which they may be run off, as the tannin has 
the property of greedily absorbing oxygen, and this checks the natural 
process of purification which goes on in a running stream; for this 
purification is largely dependent upon the amount of oxygen present in the 
waters of the stream, the oxygen being necessary both for the life of the 
organisms, to the activity of which the breaking down of the organic 
matters in the waters is due, and also for the oxidation of the decomposition 
products. 

In addition to the liquid refuse mentioned above there are various 
washing waters. For instance, the skins when taken out of the soaks are 
sometimes washed in pits of water or put into a revolving drum and 
washed with water to further cleanse and soften them, and the same 
cleansing process is at times adopted for the skins removed from the 
"limes" and "bates." From these processes considerable volumes of 
polluted water escape. Then again the skins are sometimes, during the 
process of soaking, beaten in " stocks " to soften them, and from this a 
small quantity of dirty water escapes. But in addition to all these direct 
discharges there is a large quantity of liquid allowed to drain from the 
skins as they are removed from one pit to another and much dirty water 
which comes from the swilling of the floors. All these waste waters are 
polluting. 

Skins are also cured by dressing them with alum, oils, fats, and 
albuminous substances, but the liquids used in these cases are mostly 
valuable and are not allowed to escape, and are at any rate small in 
amount compared with those resulting from the common processes. In 
these cases too, however, dirty waters are discharged from various washing 
processes. 

In recent years a great deal of attention has been given to the scientific 
investigation of the processes described above. As a result it has been 
found advantageous in many cases to use chemical reagents in a pure 
form, and thus to avoid the troubles due to the complex and putrefactive 
substances with which, in the older processes, they were associated. For 
instance, dried hides are now occasionally soaked in a weak solution of 
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caustic sodft, or formic or butyric acid. A weak solution of sulphide of 
sodium is sometimes used to loosen the hairs in the hides, and the waste 
liquid escaping from this process, although smaller in amount, is even 
more polluting than that from the ordinary limes. For some kinds of 
leather a " bran drench " is used instead of, or in addition to, the bates ; 
this is a fermenting extract of bran in water which becomes charged with 
lactic and acetic acids during fermentation ; or, instead of this, pure 
lactic or formic acid is sometimes used. Tn the actual tanning process 
the tannin is sometimes replaced or assisted by the use of bichromate of 
potash or soda, and as these salts are valuable the tanner takes care to 
discharge as little as possible. 

In several of the large tanneries producing fancy leathera the skins 
are dyed after being tanned and the waste dyewaters are discharged along 
with the r^t of the liquid refuse. The dyewaters, although carrying with 
them considerable quantities of suspended solids, are not nearly so 
polluting in chamcter as the other kinds of refuse already mentioned. 

At most tanneries, however, the old method of tanning still obtains, 
and there are thus, generally, the following kinds of liquid trade refuse ; — 
The waste waters from the soaks, the limes, the bates or puers, and the 
spent liquors from the tan pits, as well as the waters dirtied in washing 
the skins at the various stages of the tanning processes. E^ch of these 
is highly objectionable, and all of them mixed together form a waste liquid 
of a most polluting character (see Table XXII.). 

The volume of refuse from a tannery is always difficult to estimate.. 
One tanner who deals with an average of 1000 hides a week discharges 
30,000 gallons of trade refuse daily. Another who tans 60 hides per week 
uses about 3000 gallons of water per day. 

J. A. S. Morrison (Joum. Avier, Leather Ghent. Assoc,, July 1911, 
p. 326) estimates that a tannery having a capacity of 1500 market hides 
per week will probably run to waste 25,000 gallons of old tan licjuors and 
10,000 gallons of old limes ; puers and wash waters will account for 
75,000 gallons, whilst soaks add 40,000 gallons, making a weekly total 
of some 150,000 gallons, or say 25,000 gallons daily. 

Gmryilig. — This is a process by which tanned leather is prepared for 
various purposes. At many of the larger tanneries this process is also 
carried on, but there are numerous premises where nothing but currying 
is done, the leather having been tanned elsewhere. The leather as 
received from the tanneries is steeped in water or a watery extract of 
some tanning material to soften it, and is then scoured with a similar 
liquid in order to prepare the surface for some of the further processes. 
From this steeping and scouring there are discharges of the partially 
spent tanning extracts, and these are of a polluting character, but small in 
quantity and comparatively innocuous compared with the discharge from 
an ordinary tannery (see Table XXIII.). 

FeUmongering. — The fellmonger deals with the skins of sheep and 
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TRADE WASTE WATERS. 



lambs, and as a rule prepares the skins by removing the wool from them 
and sells them to a tanner to be further dealt with. The processes 
adopted are like those in the first stage of tanning. The skins Are washed 
in soaks to remove dirt and blood, steeped in milk of lime to loosen the 
wool, and scraped or stripped clear of wool and fleshings. They are then 
either steeped in lime water or pickled with sulphuric acid and salt and sent 
off to the tanner. Sometimas the first washing of the skins is done in a 
" burring " machine, iri which the skins are passed through rollers to cleanse 
them of dirt and vegetable seeds, which are washed away in a constant 
stream of water. Sometimes the loosening of the wool is brought about by 
a putrefactive pi-ocess without the aid of lime, the skins being hung up in 



Table XXIII. 

CURRIERS' REFUSE. 

( Results expressed in parts per 100,000. ) 



Sample of 


Total 
Solids. 


Solids in 

Suspension 

(dried at 


Solids in 

Solution 

(dried at 

100* C). 


Nitrogen. 


Oxygen ab- 
sorbed f^om 

i! perman- 
80 

ganate in 
four hours 
at 26-7' C. 


Hardness 
(as CaCOa] 


1. 


100° C). 


Am- 

monia- 

cal. 


Organic 


Total. 


Ash. 


Total. 


Ash. 


Total. 


Permt. 


Tempy. 


Stirred-up steeping 
liquor (sumac) 


5456-0 


988-0 


86-0 


4468 


592-0 


0-9 


28-8 


31840 




• • 


• • 


Hour average afM)ur . 


1084*0 


492-0 


14-0 


592 


208-0 


0-01 


11-7 


753 -0 


182-0 


920 


40-0 


Hour average scour . 


2166-0 


1672-0 


106-0 


584-0 


158-0 


i-.n 


44 


1245-0 


250-0 


120-0 


180-0 


Hour average scour . 


18580 


8800 


858-0 


978-0 


218-0 


0-99 


17-2 


7740 


196-0 


182-0 


63-0 


Soour liquor 

1 


452-0 


296-0 


6-0 


166*0 


50-0 


0-06 


6*94 


301-0 


500 


28-0 


220 



a warm damp atmosphere iintil putrefaction has so lar advanced as to 
loosen the wool sufficiently for it to be pulled off by hand. In other 
cases the skins are covered on the inside with a lime paste and stacked 
wool to wool, instead of being placed in a lime pit containing milk of lime. 

The ordinary discharges from a fellmonger's yard are thus, first, the 
water which has been used for soaking or washing the skins, and this 
is often large in amount, because a constant stream of water is passed 
through the soak in many cases ; secondly, the spent liquids discharged at 
intervals from the lime pits; and, thirdly, the washing waters through 
which the skins have passed after being removed from the lime pits and 
after being stripped of wool. 

The mixed refuse from a fellmongery is very similar to that from the 
limes in a tannery, although perhaps not so concentrated. It is highly 
charged with lime and organic matter both in solution and suspension 
(see Table XXIV.). 
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• 
Fellmongers, in comparison with tanners, do not require to use a great 

quantity of water. At one place where ninety skins a day are dealt with, 

the water used amounts to 1800 gallons daily. In another case, where 

the water is supplied by meter, 3000 gallons are used for every hundred 

skins. Where a burring machine is used the volume of refuse may be 

much greater, as from that alone 1500 gallons may be discharged for 

every hundred skins. 

Picker Making. — A picker maker cures skins for a special purpose. 
The picker is that portion of a loom which drives the shuttle from side to 
side, and as it must come constantly and forcibly into contact with the 
pointed end of the shuttle, it must be made of elastic yet durable material. 
The material used is the very thick hide of the East Indian buifalo cured 
in a particular way. The hides are generally received in a sun-dried state 
and are soaked first in water pits to soften them, then in lime pits, 
unhaired, and finally cleansed free of lime in wash pits. 

Here again the mixed liquid refuse (see Table XXV.) is highly charged 
with animal matter and with lime, and is similar in character and amount 
to that of the fell monger. At many picker works, however, the hides are 
received ready cured, and the only wet process they go through is steeping 
in water to soften them and to make them easy to manipulate and to cut 
up. In such cases there is frequently a stream of water running constantly 
through the steeping tanks, and the discharge of this water into a stream 
causes very little pollution. 

Bug Making. — There is another group of manufacturers who cure 
skins to be made into rugs. The skins are cured by a dry process, but are 
generally washed with soap and water and frequently are dyed. To finish 
their preparation they are placed in running water, the action of which is 
said to help greatly in producing a good appearance in the rugs. The 
waters used for cleansing the skins and the waste dyewaters form a 
polluting discharge, which is usually, however, only small in amount. 

Oharacter of Refuse and Treatment.— The waste waters from the 
various branches of the leather trade are mostly of a very polluting 
character. They are highly charged with suspended matters and dis- 
solved solids, both organic and inorganic. They nearly always swarm 
with putrefactive organisms, and were it not for the quantity of lime 
present would be unbearably offensive. The process of putrefaction is 
checked by the presence of the lime, but when the refuse is 'diluted by 
being discharged into a stream the effect of the lime is weakened and 
putrefaction sets in rapidly. 

Analyses of the various kinds of refuse are given in Tables XXII. to 
XXV. For comparison analyses are also given in Table XXV. of two 
typical domestic sewages, and it will be noted that in every case the mixed 
trade refuse is a much more polluting liquid than an ordinary domestic 
sewage. 

The complete purification of liquids so complex and so highly charged 
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with organic matters is not an easy matter. It is fortunate that in most 
cases Sanitary Authorities are willing to receive the refuse into the public 
sewers for treatment along with the domestic sewage, and this is generally 
the best course to be adopted. 

Where a manufacturer in the leather trade is obliged to deal with his 
own trade refuse he must nearly always treat it first for the settlement of 
the suspended solids, and for this purpose it should be passed through 
eflfective settling tanks (see Chapter XL). In the case of tanyard refuse 
the lime liquors and the tan liquors precipitate one another to some 
extent, but it will be found advantageous to use additional precipitants, 
such as lime and copperas used together, or alumino-ferric. In using such 
precipitants care must be taken to have sufficient lime present, or the iron 
may combine with the tannin to form an inky solution. 

The tank effluent after precipitation is still a very impure liquid, more 
polluting than any ordinary domestic sewage, but is in such a condition 
that it can readily be further purified. Where a sufficient area of suitable 
land is available this purification can be best effected by careful irrigation, 
and at many of the smaller tanneries this method is adopted with success. 
The area required for irrigation is considerable even where the soil is 
suitable, and probably at least an acre should be allowed for every 5000 
gallons of the daily ^ow. Where suitable land is not available the tank 
effluent can be purified to any desired extent by one or more applications 
to percolating filters (see Chapter XL), followed by straining through a 
sand filter to remove the humus or residual suspended matter. This is 
evident from the results obtained by the Massachusetts State Board of 
Health (Forty-first Annual Report, 1909, p. 349). The percolating 
filter used by them was composed of broken stone to a depth of 6 feet, 
and was supplied with the liquid at rates varying from 100 to 300 gallons 
per square yard per day ; but these rates appear to be rather excessive in 
dealing with such a liquid. For ordinary tanyard refuse, precipitated and 
settled, probably 50 gallons per square yard per day on a 6-foot filter 
would be as high a permanent rate as would be advisable (cp. Royal 
Commission on Sewage Disposal, 1898, Fifth Report, pp. 117-118). In 
these Massachusetts experiments, further details of which are given in the 
Forty-second Annual Report, 1910, p. 266, the filter effluent was strained 
through a sand filter at rates varying from 15 to 30 gallons per square 
yard per day, and " the effluent from this filter was well nitrified, stable, 
and practically odourless." If, as suggested above, the refuse were passed 
through the percolating filter at a lower rate, and especially if a humus 
tank were interposed, then no doubt a much larger volume per square 
yard could be passed through the sand strainers, say 250 gallons, an 
amount which would be allowed by the Local Government Board in the 
case of domestic sewage. 

Professor Dunbar of Hamburg has demonstrated by experiment that 
refuse of this kind can be rendered non-putrescible by treatment in double 
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contact beds; but it is evident from the nature of the liquids, and 
especially from their greedy absorption of oxygen, that the contact beds 
are not so suitable as percolating filtera. This is also borne out by 
experience at sewage works where a large proportion of tannery refuse 
is mixed with the sewage. 
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CHAPTER VI. 

THE PAPER TRADE. 

Raw luaterials — Processes for different kinds of paper — The pa|)er machine —Volume of 
wastewater — Treatment— Caueticising — Separate treatment of kier liquors— Re-use 
of recovered fibre— Analyses — Wood-pulp manufacture — Bibliography. 

Thb nature of the liquid refuse from paper making depends chiefly upon 
the kind of raw materials used ; and as these include such widely different 
substances as rags of linen and cotton, rough sacking, old ropes, old paper, 
esparto grass, straw, and wood pulp, it can readily be understood that the 
refuse from different mills may be very dissimilar. In addition to the 
refuse produced from the raw materials, there are discharges of the various 
substances used in the processes of manufacture, such, for instance, as the 
lime and soda used for the cleansing and disintegration of the fibrous 
materials employed, and the bleaching, colouring, sizing, and filling 
reagents ; so that the resulting combined refuse has a very complex 
character. To give a proper idea of the various kinds of refuse, it will, 
perhaps, be simplest to describe the processes of paper making as carried 
on in particular mills where different kinds of paper are made. 

In one mill where a high-class notepaper is made and the raw materials 
are chiefly linen and cotton rags, mostly the latter, with the addition of 
some wood pulp, the rags, after being sorted, are cut into small pieces, and 
passed through a "willeying" machine, for the purpose of cleansing them 
of dust. They are then boiled, under slight st«am pressure, with water 
and caustic soda, of which from 5 to 10 per cent, of the weight of the 
materials is used. After the caustic liquid is run off, they receive, while 
still in the boiler, one rinsing with water, and are passed into the 
"washer," where they are thoroughly washed with a large quantity of 
clean water. They pass out of the washer through rollers which express 
most of the water, and are conveyed to the " breaker," where, along with 
the wood pulp, they are torn up into their constituent fibres, and receive 
a further washing. Through both the washer and the breaker a current of 
water is constantly passing, so that what is first discharged is considerably 
fouled, but the processes are continued until the escaping water is clean. 

The next process is that of bleaching, where the materials, now in the 
condition of "half pulp," are treated with dilute chlorine liquor, "soured" 
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with sulphuric acid, and rinsed in clean water. From the bleaching process, 
after being again pressed nearly dry, the half pulp is conveyed to a '^ beat- 
ing engine," similar in construction to the '* breaker," in which are added ' 
colouring and '' loading " materials, and from which the liquid pulp passes 
to the paper machine. 

The paper machine is very complicated, but consists essentially of an 
endless band of wire cloth kept moving forward horizontally. The pulp 
as it falls on to the wire cloth is spread evenly upon it, the fibres are felted 
by a lateral jerking, and finally a continuous sheet of paper is formed, the 
water escaping through the meshes of the cloth. The wire cloth delivers 
the wet sheet of paper on to a continuous roll of felt, which carries it for- 
ward to deliver it again to a series of rollers and heated cylinders, from 
which it issues as the finished article. 

All the water which has been strained from the pulp, carrying with it 
a large amount of fine fibres along with loading and colouring materials, 
escapes into a tank under the machine, and from this most of it is pumped 
back to be mixed again with the pulp. There is always, however, an 
excess of this " backwater " which has to be dealt with as refuse. 

From the above it will be gathered that the sources of pollution in the 
process of paper making at this mill are somewhat as follows, and under 
the same heads the discharges from all paper mills can be classed. The 
quantities of refuse given are only approximately correct, and it must be 
premised that at this mill only high-class papers are made, and the supply 
of water is practically unlimited, so that probably more water is used than 
at most mills. 

Galloni 
Per Ton of Paper. 

(1) The waste alkali used for the boiling, termed \ 

technically the " boilings " . . .1 

(2) The water in which the rags are rinsed after f '^^ 

boiling, known as the " coolings " . .1 

(3) The water from the washer .... 12,500 

(4) The discharge from the breaker . 50,000 

(5) The spent chlorine and acid waters from the 

process of bleaching 2,000 

(6) Any excess of the water which has passed 

through the wire cloth of the paper machine 15,000 

(7) As a paper mill must be kept scrupulously 

clean, a large amount of water is used for 

swilling the floors 4,500 

(8) In the making of the bleaching solution there 

results a limey sludge, which should, 
however, not be allowed to escape along, 
with the liquid waste. 

Total . . 88,000 
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In another mill, where white printing paper is made from wood pulp, 
the pulp is thoroughly washed in a washer, is bleached in the same 
machine with chlorine liquor and weak acid, and again washed. It is 
then put into the beater, where the necessary loading is added, and from 
the beater the pulp is delivered to the paper machine. The excess of 
water from the machine is passed through a *' stuff catcher," in which most 
of the fibrous matter is retained, while the water overflows and is partly 
pumped back into the washer, and partly allowed to escape. The 
polluting liquids are thus the discharges from the washer and some of the 
water escaping from the machine. 

At a third mill " press paper " is made. This is a stiff brown card- 
board, highly polished, which is used in the cloth trade to be placed between 
the layers of cloth during pressing. Heat is applied to the cloth during 
the process, and thus the paper must be of such a nature as not to injure 
the cloth even when heated. 

The raw materials from which press paper is made are hemp and jute, 
usually in the form of sacking or old ropes. These are cut up by hand 
into pieces of convenient size and passed through a rag-grinding machine, 
where they are torn into small fragments. They are then, boiled with 
milk of lime under steam pressure, partly for cleansing purposes and 
partly to disintegrate the material into its component fibres. To a ton 
of raw material about 2 cwts. of lime and 500 gallons of water are added. 
The material after this boiling is taken to the rag engine, where it is 
first washed and then beaten in water to form the pulp for the paper 
machine. In the paper msichine in this case the pulp is delivered on to 
an endless " blanket " or roll of flannel, through which the water escapes 
and leaves the pulp to form the sheet of paper. 

The refuse waters are therefore the lime liquid from the boilers, the 
dirty water from the rag engines, and the excess of water from the paper 
machine. Much of this waste water from the paper machine comes from 
the process of cleansing the blanket on to which the pulp is discharged. 
The blanket is in the form of an endless belt, carrying the pulp forward 
to a roller from which the paper is taken off by hand. As the blanket 
returns under the machine to the point where it receives the pulp it is 
cleansed of adhering fibres by a series of jets of water which play on it 
constantly. Owing to the filtration of the waste water through the flannel 
and its dilution by this large amount of cleansing water, the waste from 
the machine in this case contains much less impurity than in other classes 
of paper works. It is in fact in this case simply passed through a '^ save- 
all " to recover fibre, and then discharged without further treatment and 
with little detriment to the stream 

At many mills esparto grass is used as a raw material. This is boiled 
under steam pressure in a solution of caustic soda, which dissolves out 
silica, resin, and various other organic matters, amounting to 50 per cent, 
of the weight of the grass. The weight of soda used is about 10 per cent. 
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of that of the raw material. When the first " boilings " have been drained 
off, clean water is run into the boilers and steam is again turned on. The 
resulting liquid is also drained off, and further quantities of cold water are 
added, partly for cooling and partly for washing the grass. The boilings 
and the first washings are both grossly polluting liquids, the former some- 
times containing over 8000 parts of solid matter per 100,000, and the 
latter about a quarter of this amount. The later washings are less 
polluting in character, but are still quite unfit to discharge to a stream. 
The boiled grass is then tr9.nsferred to the washers and treated in the same 
manner as rags, and the polluting discharges from further procegses are 
similar to those already described as produced in the manufacture of paper 
from rags. ^ 

The quantities of the various polluting discharges from a paper mill 
have already been given in the description of the processes^ and the total 
amounted to 88,000 gallons per ton of paper in the case of a mill where 
a high-class notepaper is made. The Royal Commission of 18^5 (First 
Report, p. 19) found the quantity of water used per ton of paper to be 
nearly 250,000 gallons, while Amot in his Cantor Lectures of 1877 
estimated it to be between 30,000 and 40,000 gallons. In the evidence 
given before the Royal Commission of 1898 (Seventh Report, vol. 3, 
Q. 30,376) it was stated that 

" in rag mills, for every ton of paper made the effluent may be as high as 160,000 
gallons. In an esparto mill where water is very scarce — they use esparto, and a 
certain amount of prepared wood — the effluent is 10,000. In another mill, using 
rags,, esparto, and some wood, but bleaching everything, it is about 30,000 gallons 
per ton of paper." 

The difference in these estimates is, no doubt, partly due to differences in 
the raw material used, and to the quantity of water available, but probably 
is also partly due to the re-use of much of the water in modem methods of 
paper making. 

The refuse from paper mills generally contains in suspension large 
quantities of fibres and mineral matter, such as china clay and sulphates 
of barium and calcium, and in solution much organic matter dissolved 
out of the raw materials and arising from the animal and vegetable 
matters used in sizing, as well as colouring matter and salts of lime. There 
is also frequently free chlorine present, which has been allowed to escape 
from the bleaching process, but this is quite unnecessary, and can be 
prevented by careful management. Such refuse discharged into a stream 
may give rise to great nuisance. The solids in suspension are deposited 
in the bed of the stream, and as many of the solids in solution are only 
kept dissolved by the alkali present, they also are deposited when the 
alkalinity is reduced by dilution. The sludge thus deposited soon ferments 
and decomposes, giving off sulphuretted hydrogen and other offensive gases. 

The treatment of the refuse is comparatively simple in principle. The 
most polluting liquids and the most difficult to purify are the alkaline 
"boilings,'* first washings, and "coolings," and where soda is used in the 
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boilers, as in the case of mills where esparto grass is the raw material, 
it is found best to evaporate these liquids to dryness, and to incinerate the 
dried residue for the recovery of the alkali as carbonate of soda (see pp. 275 
and 282). This is a profitable proceeding, for as much as 75 per cent, of 
the soda can be recovered and used over again (see Koyal Commission, 
1898, Seventh Report, vol. 3, Q. 29,825). The caustic soda used in the 
boilers is ustially obtained in the fin^t instance from soda ash by ''causticis- 
ing " with lime, and the incinerated residue from the evaporating process is 
treated in the same manner. 

In this causticising process the carbonate of soda is dissolved in water 
by the aid of steam, and to the solution thus formed, milk of lime is 
added in sufficient quantity to combine with the carbonic acid and set the 
soda free. The caustic solution thus obtained is used in the kiers or rag 
boilers ; the carbonate of lime is deposited as sludge, and, like the similar 
deposit in the preparation of the bleaching solution, should never be dis- 
charged with the liquid refuse, but should be removed with the rest of the 
solid refuse of the mill. This sludge is large in amount and may be 
costly to dispose of, but has some value for agricultural purposes 
(Hendrick, Cheniical Trade Journal^ 1912, 2l8t September, p. 295). It 
has been suggested that its production (see Hiibner, Cantor Lectv/res on 
Paper Making^ Society of Arts, 1903, p. 17, and Royal Commission on 
Sewage Disposal, 1898, Seventh Report, vol. 3, Q. 29,777) can be avoided 
by using the causticising process of Brunner, Mond & Co., in which the 
soda asb at a high temperature is treated with ferric oxide, which expels 
the carbon, dioxide and combines loosely with the soda. The compound 
thus formed readily decomposes on addition of water into caustic soda and 
insoluble ferric oxide, and the latter can be re-used. 

In mills where the raw materials are boiled with lime, the alkaline 
waters should be discharged into a cooling and storage tank, from which 
they should be gradually let off to mix in a somewhat uniform manner 
with the rest of the refuse. 

The mixed refuse should then be passed through effective settling 
tanks (see Chapter XL), and alumino-ferric will be found to assist 
the clarification. If the settling tanks are sufficiently large and well 
arranged and the effluent is to be discharged into a stream of sufficient 
size, no further purification may be necessary ; in other cases some form 
of filtration may be required. 

In Fig. 10 a plan is given of the purification works at the first mill 
mentioned (p. 84). These consist of a storage tank for the reception of 
the refuse from the rag boiler, so that it can be discharged gradually to 
mix with the rest of the refuse, three settling tanks, followed by a patent 
filter, and a sludge press fed by an elevator. The filter in this case 
(Wilson's patent, made by Masson, Scott <k Co., Ltd., New Wandsworth) is 
in duplicate, each half consisting of a rectangular cast-iron cistern filled 
with sand as filtering medium. Above the level of the filter a flushing 
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cistern is fixed, which is kept constantly supplied with clear or filtered 
water. When the tank effluent is passed through the filter the sand soon 
becomes clogged by the solids retained on the surface, and when this 
happens the liquid ponds on the surface until it reaches a height which 
sets a syphon in action, with the result that the effluent from the filter is 
automatically stopped while the flushing water from the elevated cistern 
is admitted underneath the filtering medium, together with a supply of 
air. This current of air and water passing upwards through the sand 
washes out the deposited solids, which are discharged again to the settling 
tanks. This washing comes automatically to an end and the filter again 
comes into action. 

The capital outlay on the whole plant, as shown in the illustration, 
including land for tipping the sludge, was JB1500. The annual charges are 
given approximately at J&150, including £18 for depreciation, £iO for 
wages, £17 for steam, and £75 for interest on capital. 

Fig. 1 1 shows the purification works at the second mill (p. 86). They 
consist of two large settling tanks to which the refuse is pumped, a filter 
of ashes upon broken stone, and a sludge lagoon. 

Many other plans of purification works can be found in the Fourth 
Report of the Royal Commission, 1868 (p. 62), in Mr Naylor's book on 
Trades' Waste (p. 216), and in a Report on Trade Refuse by Dr Schiele 
{MitteUtmgen avs der Koniglichen Priifimgsanstalt zu Berlin, vol. 11). 

Table XXVI. shows the composition of the various kinds of refuse 
and the results of treatment. From this treatment of the refuse large 
quantities of sludge result, consisting in great part of fibrous matter 
which can be used for making inferior kinds of paper. 

At the first of the two mills mentioned above 100 tons of sludge per 
annum are obtained from a daily flow of 330,000 gallons of refuse, and the 
manufacturer has been so struck by this waste of material that he is at 
present introducing apparatus for the recovery of much of the fibrous 
material from the waste waters. At the second mill about 45 tons of 
paper are made weekly, and the sludge recovered from the purification 
works amounts to 50 tons per annum, but in this case only wood pulp is 
used as the raw material, and great care is taken to prevent escape of fibre. 

The sludge thus recovered from the combined refuse is, however, mixed 
with all the dirt which has been washed out of the raw material, and the 
fibrous matter is unusable. The better plan is to treat the waste dis- 
charged from the breakers, the beaters, and the paper machine separately 
for the recovery of pulp, which is then fit for use as a raw material, leaving 
the dirty water from the boiler and washer to be otherwise dealt with. 

At Darwen Paper MiU, Lancashire, where wood pulp is the chief raw 
material used, a very excellent set of settling tanks has been provided for 
the purification of waste waters. The larger proportion of these tanks is 
set aside for dealing with the cleaner waters, and the sludge deposited in 
them is pressed and used over again in the mill. By this arrangement 
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falls to be discharged at the lower and wider end of the cone. In 
connection with these a filter press is generally used, so that the fibre is 
recovered in the form of a pressed cake. Fibre thus recovered is gener- 
ally considered unsuitable for making high-class papers, and is often 
sold to other manufacturers who make coarser papers. In any case it 
must be looked upon as a raw material and passed through all the ordinary 
processes, and before it again reaches the paper machine there may be a 
change in the kind or colour of paper made, so that it cannot at once be 
re-used. An apparatus such as a stuff catcher or save-all is not sufficient 
to purify effectively the waters passed through it, and these must after- 
wards be treated like the rest of the refuse from the mill. If, however, 
they are passed into separate settling tanks, the sludge depositing from 








Fig. 14— Conical Save All. 

them may be pressed and returned to the mill to be used as raw material, 
as is done at the Darwen Paper Mill. 

Wood-pnlp liannfacture. — The use of wood pulp in the manufacture 
of paper is rapidly increasing, and its preparation is a cause of very serious 
river pollution, especially in America and Germany. There are two pro- 
cesses by which the cellulose of wood is prepared to be made into paper, 
the one a mechanical process and the other a chemical ; but as there 
appears to be no manufacture of mechanical wood pulp in this country, 
it is unnecessary to describe the method of its preparation. Those interested 
will find it described in the text-books mentioned in the bibliography at 
the end of this chapter. 

In the preparation of chemical wood pulp there are three processes 
ordinarily in use, in which caustic soda, sodium sulphate along with caustic 
soda, and calcium bisulphite along with sulphurous acid, are the reagents 
respectively employed. The last of these seems to be the process in use 
in this country, and that only in a very few instances. 
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In this sulphite process the wood is ground into small pieces by 
machinery, and boiled under considerable steam pressure in kiers, in a 
solution of calcium bisulphite charged with sulphurous acid. After boiling 
for many hours the kier liquor is drained off, the kier again charged with 
water and heated up by steam^ and this first washing water drained away, 
and the washing process is repeated a second time. The wood pnlp thus 
prepared is taken to the paper mill and made into paper, as has already 
been described. 

The discharges from the sulphite process are thus divisible into three ; 
the crude kier liquor containing the spent bisulphite and the organic 
matters which have been dissolved out of the wood, a brown, slightly 
turbid liquid with a strong, peculiar, and not unpleasant smell ; and the 
first and second washings, which are similar liquids, but more dilute. The 
crude kier liquor and the first washings contain so much organic matter 
that they are very difficult to purify ; the final washings can be mixed 
with the general refuse of a paper mill and purified along with it. 

For dealing with the crude kier liquor and the first washings the only 
method to be recommended is a process of evaporation, like that suggested 
for the kier liquor from the boiling of esparto grass. If these liquids, 
which, as they are discharged, have a specific gravity of 1*040, are 
evaporated down until they reach a specific gravity of 1 "300, the resulting 
treacly liquid can be used for various industrial purposes, such as sizing 
paper, tanning and dyeing, preventing dust on roads, and making small 
coal into briquettes. In this country the quantity of this kind of refuse 
is so small that the production scarcely meets the demand, and the price 
received more than pays for the somewhat costly evaporation process, but 
on the Continent and in America so much is produced that its utilisation 
forms a problem not yet solved. For every ton of paper pulp produced 
there is a discharge of nearly a ton of solids dissolved in the refuse 
water, so that the total waste of organic material is enormous. Many 
attempts have been made to utilise this waste, and recently it has been 
suggested that it should be used for the production of sugar and alcohol. 

The methods of evaporation adopted are described in Chapter XL, and 
in this case it must be remembered that the liquid contains free sulphurous 
acid and many sulphur compounds, and acts very vigorously upon metals, 
so that the wear and tear of the evaporation plant is very great, and may 
amount to as much as 20 per cent, of its value annually. 
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Classification of trade processes — Cotton bleacliing — Kier liquor — Cotton-waste bleaching 
— Degreasing — Bleaching and retting of flax, hemp, and jute — Wool washing— 
Recovery of potash and grease— Improyements in grease recovery — Further treat- 
ment of effluent from seak tanks— Precipitation and biological filtration — Evapora- 
tion of wool suds (Smith -Leach apparatus) — Chambers and Hammond's process — 
Solvent processes of degreasing wool — Silk boiling. 

Under this head may be grouped all the processes by means of which 
fibrous materials either of animal or vegetable origin are made into woven 
fabrics. The most important of these raw materials are cotton, wool, silk, 
flax, hemp, and jute, and the processes which they undergo yield waste 
waters which for the most part fall into two categories, the first comprising 
the liquids which result from the cleansing and preparation of the materials, 
the second those coming from the manufacturing and finishing processes. 
Refuse of the first kind, such as that from wool washing, silk boiling, and 
flax retting, contains much organic matter which has been extracted from 
the materials themselves, whereas the other kind of refuse owes its 
polluting character chiefly to the various reagents used, such, for instance, 
as oil, soap, fuller's earth, and dyewares. 

Dealing first with the waste waters resulting from the preparatory 
processes, they may be considered under the following heads : — 

1. Bleaching of vegetable fibres. 

2. Betting of flax, jute, and hemp. 

3. Wool washing. 

4. Silk boiling. 

The purification of liquids arising from these processes, since they 
contain large quantities of dissolved organic matters, must generally 
depend finally upon biological methods. 

The secondary processes include : — 

1. Dyeing and printing. 

2. Stiffening and loading. 

3. Carbonising and stripping. 

4. Yarn washing and piece scouring. 

For the most part, refuse from these processes can be purified by 
chemical precipitation and straining. 
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Cotton Bleacliing. — Raw cotton as it reaches the spinner contains 
about 5 per cent, of impurities, which, if not removed, would impair the 
whiteness of the manufactured goods, and would interfere with subsequent 
dyeing and printing operations. These impurities, according to Dr E. 
Schunck, comprise : — 

1. A cotton wax. 

2. A fatty acid, which appears to be either margaric or a mixture of 

palmitic and stearic acids. 

3. Nitrogenous colouring matters. 

4. Pectic acid, which forms the greater bulk of the impurities. 

5. Albuminous matter. 

The raw cotton is usually spun into yam or even woven into pieces 
before any attempt is made to get rid of the impurities. Further, in order 
to stiffen the fibre and to facilitate the weaving process, or in some cases to 
adulterate the goods, substances such as size and china clay are added to 
such an extent that they may form as much as 30 or 40 per cent, by 
weight of the woven goods. The object of bleaching is to remove all 
these natural and artificial impurities from the cotton fibre, either for the 
purpose of selling the goods in the white state, or in order to make them 
suitable for being dyed or printed. 

So far as the polluting discharges are concerned, there is so little 
difference between the bleaching of cotton piece goods and cotton yam 
that one description may serve for both. In the bleaching of cotton piece 
goods there are several processes in common use. In that most practised 
the various operations are : — 

1. Grey washing. 

2. Boiling with lime. 

3. Treatment with weak acid. 

4. Boiling with soda ash and resin soap. 

5. Treatment with a solution of bleaching powder. 
, 6. Treatment with weak acid. 

7. Final washing. 

1. In the "grey washing" the goods are passed through water, which 
removes some of the soluble matters. The wet goods after this washing 
are allowed to lie in a heap, when fermentation is set up, which renders the 
starchy matters soluble. 

2. In the " lime boil " the goods are passed through milk of lime and 
packed in a " kier," a large iron or steel cylinder, in which they are heated 
by steam, sometimes- under pressure. After the boiling, the lime liquor is 
run off and the kier filled with cold water and again emptied. The chief 
effect of the lime boil is to decompose the fatty and oily matters contained 
in the pieces, with the formation of lime soaps which adhere to the fibres. 
It also removes starchy and other soluble matters, and chemically changes 
other impurities, so that they are easily washed out afterwards. In some 
cases soda is used instead of lime, and has much the same effect. The 
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goods removed from the kier are washed in water to remove the im- 
purities and as much of the lime as possible. 

3. The goods are then passed through a weak solution of sulphuric or 
hydrochloric acid, the "first sour" or "grey sour." This decomposes the 
lime soaps on the fibre and dissolves metallic oxides and other mineral 
matters, which are then removed by another washing. 

4. In the next process the goods are boiled, usually under pressure, in 
a solution of soda ash and resin, the " lye boil," and are then further boiled, 
either in a weak solution of soda or in water, to dissolve the resin soap, 
which is afterwards removed by a thorough washing. In this lye boiling 
the fatty acids are dissolved out by the alkali used, and the resin soap 
removes from the fibre some constituents which readily absorb colours. 
The resin, therefore, is chiefly used for goods which are to be printed, and 
in bleaching other goods is often omitted. 

5. The next process is that of bleaching proper, or " chemicking." In 
it the goods are passed through a l)leaching solution, prepared by mixing 
bleaching powder with water, allowing the solids to settle, and drawing off 
the supernatant liquid. After the chemicking the goods are washed in 
water, but are sometimes first piled in a heap so as to allow the bleaching 
agent time to act with the assistance of the carbon dioxide of the air. 

6. In the " white sour " the goods are again passed through a weak 
solution of sulphuric or hydrochloric acid, which completes the bleaching 
process and dissolves the lime salts resulting from the use of the bleaching 
solution. 

7. The goods are finally thoroughly washed in large volumes of clean 
water, and in the case of yams this final washing is preceded by softening 
the yam in a hot solution of soap. 

The waste liquids discharged from these different processes vary greatly 
in character (see Table XXVII.). Much of the water used for washing is 
only slightly polluted and can be little improved by ordinary methods 
of treatment. It can, in fact, in many cases, be discharged to a stream 
without much detriment to the waters. But if this is done it needs great 
care on the part of the manufacturer in dividing his cleaner wat43rs from 
the more polluted (see p. 199). By far the worst liquid is that which is 
discharged from the kiers, and this should be disposed of separately, and 
for this purpose various contrivances have been adopted. In some cases 
it is got rid of by pouring it into disused pits or by irrigating it upon 
land where it can percolate into the subsoil. If such simple methods of 
disposal are not available, then recourse must be had to special means. 
When a waste soda liquor is neutralised with sulphuric acid there is (see 
Table XXVIII.) a large precipitation of the contained solids and a great 
reduction in the oxygen-absorbed figure, which shows that much of the 
organic matter is removed, and after settlement, the resulting neutral 
liquid can be mixed and treated along with the rest of the bleaoh-croft 
refuse without difiiculty. In the case of a lime liquor the effects of this 
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acid treatment are much less marked, but instead of sulphuric acid, carbon 
dioxide or flue gases could be used. 

But perhaps the best method of dealing with the kier liquor is by con- 
centration and evaporation. When a soda lye is used in the kiers it still 
contains after the boiling a large amount of imexhaustod soda, besides that 
which is combined with organic matters extracted from the materials, and 
this soda is recoverable by the same method as that used for the boilings 
of esparto grass (p. 88). f he strength of the lye in this case is con- 
siderably less than that in the paper-trade refuse, but the recovery of soda 



Table XXVIII. 

EFFECT OF ACID ON KIER LIQUORS. 

{jResuUs expressed in parts per 100,000. ) 



Sample from 


Solids in Suspension 
(dried at 100° C). 


Oxygen absorbed by 

Filtrate from ^ per- 

80 ^ 

manganate in four 
hours at 26 •7' C. 


First soda boil from bleaching cotton 

waste 

Do. after adding acid 

Second soda boil from bleaching cotton 

waste 

Do. after adding acid 

Lime boil from bleaching light cotton 

goods 

Do. after adding acid 

Lime boil from bleaching light cotton 

goods 

Do. after adding acid 

Soda boil from bleaching light cotton 

goods 

Do. after adding acid 


688*0 
3463-0 

80-0 
746-6 

71-6 
31-4 

6-9 
16-6 

42-8 
81 


2775 
1814-9 

8020 
440-0 

40-1 
86-4 

60-4 
60-2 

17*2 
9*2 

1 



will at least go a long way towards paying for the cost of the process. In 
some cases, moreover, it is possible to use the spent lye a second time, 
strengthening it by the addition of further quantities of soda, and thus 
to obtain an alkaline liquid sufficiently strong to make its evaporation 
profitable, or this object can be to some extent attained and the polluting 
discharges lessened by using the first washings from one kier to make up 
the lye for the next. The necessary apparatus for evaporation and the 
method of its use will be found described in Chapter XL Where a lime 
boil is used there is obviously no return to be expected from an evaporation 
process, but in such cases it may be found advantageous to use soda instead 
of lime, or the kier liquor may be precipitated with sulphuric acid before 
being mixed with the rest of the refuse (see Table XXVIII.). 
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Where for any reason no separate treatment of the kier liquor is 
adopted, it should be stored up to be discharged so as to mix gradually 
with the rest of the bleach-croft refuse. If this is not done the sudden 
rushes of strongly alkaline liquor will be certain to upset any method 
of treatment. 

If the kier liquor is dealt with separately, as above suggested, the 
treatment of the refuse from a bleach croft is not a difficult matter. Such 
a liquid, as has already been suggested, lends itself to purification by 
biological methods because of the organic matter it contains. 

Mr W. Naylor, A.M.I.C.E., in his book on Trades^ Wastes describes 
works for the purification of bleach-croft refuse both by means of contact 
beds and percolating filters, and states that he obtained good results by 
both methods. These works are still in use, but, as the area of filters is 
too small to deal properly with the volume of refuse passing through 
them, the results obtained are more the effect of simple straining than of 
biological action. In order to render the refuse more susceptible to 
biological treatment, Mr Naylor kept it in a tank to which septic sewage 
sludge was added from time to time ; but this seems scarcely necessary, as 
the refuse kept by itself soon becomes septic and evolves sulphuretted 
hydrogen. It is, in fact, now generally held that such liquids should not 
be allowed to become septic before being applied to biological filters. The 
addition of the sewage sludge, however, may have the effect of introducing 
organisms which play an important part in the destruction of the organic 
matters in the refuse. 

In the 1906 Report of the State Board of Health of Massachusetts it is 
stated (p. 301) that mixed refuse from a bleach croft can be dealt with by 
sedimentation, followed by filtration through three feet of sand at a rate 
of 50,000 gallons per acre daily, with the production of an effluent showing 
91 per cent, purification as determined by the oxygen absorbed. 

Laboratory experiments bear out the above conclusions, for on applying 
a settled mixture of the various discharges, including a more than pro- 
portional amount of strong kier liquor, to the filter described on p. 117, an 
effluent was produced (see Table XXIX.), showing nearly 60 per cent, of 
purification when judged by the oxygon-absorbed figure, containing large 
amounts of nitrates, and remaining inoffensive and stable on incubation. 
The liquid was applied to the filter at the rate of 33 gallons per cube yard 
per day, the whole being applied during eight hours out of the twenty-four. 
A second filtration of this effluent produced little further purification. 

From the foregoing examples it is abundantly evident that these 
bleach-croft liquids are amenable to biological treatment, and the best 
method of dealing with them appears to be the separate disposal of the kier 
liquors, the mixture and settlement of the other discharges in tanks such 
as are described in Chapter XI. (the tank treatment can be much assisted 
by the use of a chemical precipitant), and the distribution of the settled 
liquor upon a percolating filter, such as is described on p. 269, at a rate 
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not exceeding 100 gallons per cube yard per day. It may also be 
necessary to provide straining filters or secondary tanks for the removal 
of suspended matter from the percolating filter effluent. 

These biological methods recommended above do not seem to have been 
brought into use on a sufficient scale at any bleach croft ; the treatment 
carried out is usually settlement of the mixed refuse, sometimes aided 
by precipitation with alumino-ferric, followed by straining through filters 
of cinders or clinker ; but this does not appear to give a really satisfactory 
result in any case, and there are few bleach crofts of any importance which 
do not injuriously affect the streams into which their refuse is discharged. 

As examples of the kind of refuse produced in cotton bleaching and 
the effect of its treatment by settlement and straining, the analyses in 
Table XXVII. are given. The total daily flow of refuse at the bleach 
works where these samples were taken is about 75,000 gallons, of which 
the larger proportion, consisting of the washing waters, is discharged 
direct to the stream. The more polluting part of the refuse is received 
into a sump of 18,400 gallons capacity, from which it is pumped by 
means of a steam injector into two settling tanks, each holding 4500 
gallons. These overflow on to two cinder filters, each of 16 square yards 
area, and a sludge filter is provided for receiving the sludge which settles 
in the tanks. A plan and section of these works are given in Fig. 15. 

In this case the quantities of the various liquors" discharged from 
bleaching 1000 lbs. of cloth are : — 



Lime boil . 


■ • 


400 gallons 


Spent chlorine liquor . 


• • 


60 


Spent acid . 


■ • 


60 „ 


Soda-ash boil 


• 


400 


Washing waters 


• • 

Total . 


. 14,080 




. 15,000 „ 



Although no* provision is here made for treating the kier liquor 
separately or discharging it gradually so as to mix uniformly with the rest 
of the refuse, the latter object is to a great extent attained by the mixing 
which takes place in the comparatively large sump. 

Cotton-Waste Bleaching. — An important industry in the cotton 
districts is that of bleaching cotton waste, which is afterwards made into 
gun-cotton. The raw material of this industry consists of the cotton fibre 
swept from the floors of spinning mills, and of the cotton waste which has 
been used for cleansing machinery. It is thus extremely dirty, containing 
sometimes 30 per cent, of impurities, and of these, half, or more, may be 
oil or grease which has been wiped off the machinery. 

The processes of bleaching cotton waste are practically the same as 
those already described for dealing with cotton piece goods, but the grease 
present raises special difliculties and may cause much more polluting 
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discharges, if only the ordinary processes are employed. In the best 
equipped mills the cotton waste is first degreased by being treated in 
closed iron vessels with a grease solvent, such as petroleum naphtha. The 
solution of grease is afterwards distilled to separate the solvent from the 
grease, the former being re-used and the latter sold as a bye-product. This 
process is fortunately quite a profitalSle one, besides rendering the after 
process of bleaching much easier and the final discharges much less 
polluting. 




PLfirf. 




SecT/on. 

Fio. 15. — Works for the Purification of Refuse from Cotton Bleaching. 



For the degreasing of such materials as cotton waste by a solvent 
process several forms of apparatus are in use. The new process described 
on p. 125 in connection with the degreasing of wool is equally applicable 
to cotton waste, and is probably the most economical and most complete. 
The usual process is described in Chapter X., p. 211, as applied to the 
degreasing of sludge cake. 

The grease in cotton waste can also be extmcted by the aid of steam 
in the Turbine Centrifugal Fat Extractor of the Industrial Waste 
Eliminators, Ltd., 20 High Holbom, London. Their machine is in the 
form of a centrifugal drier such as is found in most textile factories. It 
is driven by a steam turbine, and the exhaust st0ap[i is made to permeate 
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the greasy material. By centrifugal action the grease liquefied by the 
steam is driven to the periphery, where it is collected. In dealing yith 
greasy mill cloths it is stated that only 2 per cent, of grease is left in the 
cloths after treatment in this apparatus. 

The degreased cotton is freed from the last traces of solvent by means 
of superheated steam, and is then thoroughly washed with water and 
afterwards with weak acid, boiled with soda ash, washed, chemicked, soured, 
and finally washed. Large volumes of water are used in all the washing 
processes, which are carried on in " beaters " similar to those used in 
preparing paper pulp. 

Even after a degreasing process the combined refuse from cotton-waste 
bleaching (see Table XXX.) is much more polluting than that from an 
ordinary bleach croft, inasmuch as the raw material contains a great deal 
of filth which is not present in raw cotton. The worst discharge is that 
from the kiers, which should, as already suggested, be treated separately. 
In the discharges from the repeated washings a great deal of loose cotton 
fibre escapes, and this it is found highly profitable to recover by the aid 
of screening apparatus, such for instance as that shown in Figs. 41, 42, 
and 43. Its amount may be as much as 2 per cent, of the raw material, 
and if not recovered it adds considerably to the difficulties of purification, 
especially by increasing the amount of sludge produced. 

The further purification of the refuse may be effected by the same 
means as are employed for that of an ordinary bleach croft (see p. 101), 
provided, that is, that the degreasing process is first adopted, and this 
should always be insisted upon. 

Table XXX. gives the analyses of the various discharges from cotton- 
waste bleaching at a mill provided with an up-to-date solvent plant for 
the extraction of grease. It shows also the results of simple settlement 
of the mixed refuse. In this case the quantities of the various discharges 
from the bleaching of 1000 lbs. of waste are approximately as follows : — 



Kier liquor . 


• • 


360 gallons 


Spent chlorine liquor . 


• • 


. 3,800 „ 


Spent acid . 


• • 


3,800 „ 


Washing water . 


■ m 

Total . 


. 16,040 „ 




. 24,000 „ 



Flax, Hemp, and Jute Bleaching. — The bleaching of these materials, 
whether in the yam or the piece, is essentially the same as the process 
used for cotton. It is, however, longer and more tedious, and the various 
processes, boiling, chemicking, and souring, must be repeated several 
times before a satisfactory white is obtained. The raw materials contain 
a greater proportion of impurities than raw cotton ; for whereas ordinary 
raw cotton only contains about 5 per cent, of foreign matter, linen when 
fully bleached loses as much as 20 per cent, of its weight. 



io6 



TRADE WASTE WATERS. 









CO 


'^ 


ex 00 






00 




• 


kO 

• 


c^ • 








5 . 


a 


«o la 


■ 


• 


r-l 


»o -^ 


r-l 


•♦ 


o 








u 


« 


*o 




* 




CO 




rH 


I-H 








S8 


Eh 

-♦-» 

a 










l-t 










o o 

■ • 






CO 

■ 


kO CO 

• • 


• 


•P 


o 

• 








Sr-'^ 


to ^ 


. 


• 


CSI 


i>- CO 


o« 


•^ 


eo 








go : 03 


<N 








o 
















0^ 


1 








lO 
















• 


0» 00 






">* 


O r-l 


"(JI 




iM 








K 


J 


W TO 


• 
• 


• 
• 


■* 


CO •-» 


■^ 


a» 


eo 










o 


i-H t>- 


» 


■ 




■^ r-l 




•-I 


l-i 








' H 


o. 








CO 














Free Chlorine. 


• • 

• ■ 


• 
• 


■ 
• 
• 


• 
• 


00 

o 


• 


• 
• 


• 
• 
• 






r^ 








CO 














Acidity (as HaSOJ. 


(N 


• 
• 
• 


• 
• 
■ 


• 
• 
• 


CO 


• 


« 
• 
■ 


• 
• 










t— 1 








c^ 














o 


O 


CO 




kA 

• 


CO 


Cd 








Alkalinity (as Na^COs) 


• 

• • 


OD 

O 


00 
CO 


c 


• ■ 
« ■ 






2 

1 




'V 


£ 


00 '^ 


o 


o 


t>- 


a> (N 


o 


CO 


CO 








_g c fc*^ 


> a» o 


o 


o 


rH 


CO CO 


CI 


■m 


•^ 








1 i 1^ 


4 


• • 


• 


• 


* 


• • 


■ 


• 


■ 








4^ 


O '"^ 




o 


Oi 


o o 


o 


'* 


CO 






S «-•-<© ; ^ 




«» 


00 














K 
C 


• 




EE4 




Ol 


















O (N 


o 


o 


CO 


o» -?< 


'O 


O 


o» 




i 


Oxyge 

from g 

gana 
hours 

Total. 


to r-i 

• • 


kO 

• 

C4 


o 

■ 

CO 

o 
00 


o 

■ 

I-H 


CO eo 

• • 

o o 


o 

to 


m 


kCd 

« 

"«*l 




» 
























t y^ • 


<o o 


o 


o 


CO 


"^ ^ 


r-l 


T»« 


w^ 




fe! 


^ 


1 Organic 


CO o 

• • 


00 

• 


(N 


tp 


o o 

• 


• 


r-« 

• 


• 


X 


^ 


^ 


; (Kjeldahl). 


o o 


CO 


to 
«o 


o 


o o 


<N 


r^ 


O 


X 


^ 

1 

^ 




• 

a 






-* 














X 


Albuminoid 


O O) 


o 
o 


o 


00 


i-i rH 
O O 


O 


"* 

■* 




o 




6 


(Wanklyn). 


o o 
o o 


to 
to 


CO 
00 


o 


O O 


ri 


o 


O 


H 






o 


o 


o 


o o 


CO 


o 


t«» 




^ 


« 


Ammoniacal. 


o o 

• • 


• 


<N 

■ 


o 

• 


o o 


r-l 


o 

• 


• 




8 




o o 


1-4 


00 


o 


o o 


o 


o 


o 




CO 


1 


I 
^ 

Q 






ri 




o 




o 

• 

o 


o 

■ 


p 




1 

* . 1 


4 


• • 

o la 


00 

• 

o 
at 


00 

• 

oo 

I-H 


CO <N 

• ■ 

ko 00 

CO 




'*-' 


^'^H 


■< 




^1 


o 

CO 




r-l 


r-l 








e 
g 




fi'C^ 


























• 




00 

• 


00 


CO 

• 


OO o 
00 oo 


CO 

• 

CO 


C4 


00 

■ 

00 






;:5 o "^ 


rH O 


(N 


r—i 


00 


r^^ 1^ 


CO 


kO 


■* 








O 'rt 1 o 


w 


CO 


Oi 




■^ 


rH 












^•^ H 




<N 


lO 




















• 

CO 


C9 00 

■ • 

«o o 


• 


• 
• 


<* 

• 

CO 


k« -^ 

• • 


• 

O) 


00 

• 

CO 


C4 

• 

CO 








■^ 








-N 




eo 


f— « 












13 






















o 

• 


■ 




kO O 

• 


00 

• 


CO 

* 


1 
CO 1 

• 






1 


cgJSo 


4^ 


Id 0^ 


00 


o 


00 


O "^ 


•M 


CO 


t«» 






1 


o 


i-H 


CO 


00 


lO 




(N 


•^ 










H 




CO 








I-H 








• 


<0 CO 


00 


00 


o 


CO CO 


"^ 


00 


f-l 








p-i n 


• • 




• 


• 


■ . 


• 




• 






1 


5- 


"^ ura 


■* 


">* 


"* 


Oft C4 


Oi 


oo 


r-l 








CO o 


CO 


o» 


•^ 


1-1 <N 


00 


a» 


kO 










<M 


a> 


<M 


l-l 


•^ 


<N 










1 




e^oQ 




f-H 

■ 

o 

s 
a* 

.S 

C<4 


■ 

o 



o 


• 
00 

1 


Chemic and sour . I 

Wash after chemic 1 
and sour , . , 






Final effluent . j 




Nature of Sample. 

1 


Wash after de- 
greasing 

Acid wash after 
dcgreasing . 


Aiixed refuse with 
kier liquor . 


Mixed refuse with- 
out kier liquor . 



THE TEXTILE TRADES. IO7 

The liquids discharged are very similar to those mentioned in con- 
nection with cotton bleaching. The most polluting discharges are the 
kier liquors and first washing waters, which in this case contain very much 
larger proportions of dissolved organic matter. These liquids should be 
strengthened by the addition of more soda, the alkali generally used, 
should be concentrated by re-use, and finally evaporated to dryness and 
incinerated for the recovery of the soda (see p. 275). The refuse from the 
other processes can then easily be purified like that of the ordinary bleach 
croft, especially if chemical precipitants are used. 

In bleaching these vegetable fibres various other reagents are at times 
used in place of chlorine, such as permanganate of potash, bisulphites, and 
perborates, but any resulting refuse is easy to purify in comparison with 
the liquors from the ordinary process. 

Betting of Flax, Hemp, and Jute. — Although the manufacture of 
textile fabrics from flax, hemp, and jute is a very important industry, the 
plants from which the materials are obtained are seldom grown in this 
country. Where they are grown, the process of " retting," or separating 
the crude fibres from the plant as harvested yields liquid refuse of a highly 
polluting character. Bimdles of the plants are steeped in water for a 
week or two, when a fermentation takes place of the pectose in the cells 
which bind the bast fibres together, the active agents being certain species 
of bacteria. This fermentation is accompanied by the solution of much 
organic matter, producing a liquid which has a very offensive smell and 
which is capable of causing intense pollution if discharged into a stream, 
[letting is almost invariably done on the farms where the crops are grown, 
so that it is a comparatively easy matter to dispose of the refuse by 
irrigation upon land ; it has indeed valuable manurial properties. 

Wool Washing. — Wool as it is removed from the sheep's back contains 
a considerable proportion, often over 50 per cent., of material other than 
wool fibre. This material consists in great part of animal secretions, but 
also of sand and dirt, together with vegetable matters which mechanically 
adhere to the wool. Before the wool can be utilised it must undergo a 
washing process, in which the foreign materials are removed by the aid of 
water and soap, soda, or other detergents. 

The animal secretions are known as " yolk " (French, " suint " ), and are 
partly soluble in water and partly insoluble. The soluble matters are 
mainly the potash salts of oleic acid and other fatty acids, such as lano- 
palmic and capric, and when greasy wool is washed in water these potash 
salts, which are of a soapy nature, cause the " wool grease " or " wool wax " 
to emulsify, so that it can be more easily washed out of the fibre. The 
wool grease, which is insoluble in water, appears to consist mainly of 
various esters of cholesterol, isocholesterol, ceryl alcohol, and camubyl 
alcohol, with oleic, lanopalmic, lanoceric, camubic, and other acids. Some 
glyceride of myristic acid has also been isolated, and it is probable that 
free cholesterol and isocholesterol are also present. 
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The raw wool used in the wool trade varies very much in the condition 
in which it reaches the manufacturer. "Greasy wool" from the Cape, 
Australia, and the Argentine, is used to a great extent, and this may 
contain over 50 per cent, of impurities, including as much as 15 to 25 
per cent, of grease, 6 to 7 per cent, of potash salts, and 3 to 24 per cent, 
of sand and dirt. Occasionally this wool is washed in the country of its 
origin in order to lessen freightage charges, and this practice is constantly 
increasing. The wool which has thus been treated is bought as " scoured 
wool," but still contains sufficient grease and impurities to render a further 
washing necessary. " Home-bred wool " never contains so much extraneous 
matter as the unscoured foreign wools. It generally loses only some 20 to 
22 per cent, of its weight when washed, of which from 7 to 10 per cent, may 
be grease. " Slipe " or " skin wool " is that which is removed from the skin 
of the dead sheep, and when removed by the fellmonger or tanner most of 
it is known as " lime wool," since it contains considerable amounts of the 
lime used in the ordinary process of unhairing (see p. 72). This lime is in 
combination with much of the natural grease of the wool, and has dis- 
placed the potash which was originally present. These different kinds of 
wool are now very frequently blended before they are washed, when the 
proportions of grease, potash, and sand present vary according to the 
kinds of wool present in the mixture. Other materials used in the wool 
trade include mohair, alpaca, and cameVs hair, but these contain com- 
paratively small amounts of greasy matter or potash, although at times 
they may be exceedingly dirty. 

The process of wool washing is usually carried on in a set of three or 
four Petrie or M*Naught wool-washing bowls. These are long tanks, each 
containing 500 to 1760 gallons of water at a temperature of about 40* to 
50' C. They are used in series, the wool being passed consecutively from 
the first to the last, and to the first bowl detergents, such as soap and 
soda, are added from time to time. The water used for washing, on the 
other hand, is passed backwards consecutively from the last to the first, 
so that the dirty water is finally discharged from the first bowl, and is 
therefore all of a very polluting character, and approximately uniform 
in composition. In one case where greasy wool was being washed, every 
100 lbs. of wool required 14 gallons of water, and a little over 2 lbs. of 
soft soap. In other cases, however, it is estimated that 100 gallons of 
water are required for Vashing 100 lbs. of wool. 

In small mills the wool washing process is often carried out in a some- 
what different manner. The wool is placed in a perforated vessel within a 
vat filled with water, and soap, soda, or some other cleansing material is 
added. Stale urine or pigs' dung and even human excrement were 
formerly commonly used as detergents, although now less often. The 
water is heated and the wool stirred about from time to time, being 
finally drained and transferred in the perforated vessel to another vat 
to be washed repeatedly with clean water. The soapy contents of the 
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first vat are usually stored up aud re- used luitil they become impregnated 
with grease and dirt, or too putrid to be used, when they are discharged 
and the cistern is made up afresh. The discharges from this wool-washing 
process, therefore, vary greatly, including the very foul and . often 
putrefying liquid from the steeping tank, and the successively cleaner 
washing waters. The amount of water used in this way is difticult to 
estimate. In the Third Report of the 1865 Commission (p. 24), it is 
given at 224 gallons to 100 lbs. of wool in each washing, of which there 
are two or more. This process is never found in use in a mill which is 
entirely given over to wool combing, so that the refuse produced by it 
generally requires to be purified along with other kinds of refuse, such 
as that from piece scouring and dyeing. 

In a wool-combing mill the wool, after leaving the washing bowls, 
is dried by being squeezed between rollers and generally also by being 
passed through a hot-air chamber. It is then prepared for carding by 
the addition of some 0*05 per cent, of olive oil. After carding it under- 
goes the process of ''back washing," which is a secondary rinsing in 
soapy water of the " slivers " or loose untwisted ropes of wool produced 
in the carding process. The soapy water removes the oil, but takes up 
very little dirt, as this has been previously scoured out of the wool. The 
water used in backwashing is usually less than one-tenth of the quantity 
which escapes from the wool-washing bowls, and is not nearly so polluting 
in character. The two are generally discharged and treated together. 

The refuse from wool washing is a brown, thickly turbid liquid, often 
covered with a greasy, frothy scum, and yielding a considerable deposit 
of mineral matter on standing. It is strongly alkaline in reaction, has a 
peculiar smell even when fresh, and soon becomes very offensive from 
putrefaction. Analyses of such liquids are given in Table XXXI. The 
first two sets of samples were taken from mills where mixed wools — 
greasy Colonial, home-bred, and skin wools — were being scoured at the 
time; the third set of samples came from a mill where only greasy 
Colonial wools were being scoured. 

In this refuse there are two valuable bye-products which, if recovered, 
will more than repay the cost of the purification process. The first of 
these is the potash, which may yield (see Table XXXV.) one ton of 
carbonate of potash from 55,000 gallons of refuse. The ordinary process 
for recovering the potash is to pass water repeatedly through the raw 
wool until it has dissolved out a sufficient amount of potassium salts to 
make an evaporation process profitable. After this solution of potassium 
salts has been evaporated down sufficiently, it is passed into a revolving 
cylindrical incinerator (Fig. 66) and ignited, with the production of 
crude carbonate of potash. This is the process generally adopted where 
wool is scoured with soap in the usual way, but in solvent processes for 
cleansing wool, and in the methods of dealing with wool suds adopted by 
Messrs Chambers and Hammond and by Mr Leach, and described later, an 



I lO 



TRADE WASTE WATERS. 





{Results expressed in parts per 100,000. ) 
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aqueous solution of the potash salts, comparatively free from grease, is 
incidentally obtained, so that this preliminary soaking of the wool in water 
is not necessary. In practice, however, all this valuable potash is almost 
invariably wasted and allowed to escape down the mill drains. 

The other valuable bye- product is the grease, which is almost invariably 
recovered by treating the wool suds with acid and pressing the grease out 
of the deposited sludge by the aid of heat. The hattage process for its 
recovery was for a time advocated, but now seems to have been abandoned 
in this country. The suds were beaten up by revolving paddles so as to 
cause the grease to form, on the surface of the liquid, a froth which could 
be skimmed off'. The grease was not thoroughly removed, and the 
effluent was even more polluting than that from the ordinary acid process. 

The Rivers Pollution Commission of 1865, in their Third Report, deal- 
ing with the Rivers Aire and Calder, mention in some detail the pollution 
caused by the discharge of wool-washing refuse (p. 22), and the acid method 
for the extraction of grease (p. 27). They gave their opinion of this in the 
following words (p. 31) : — 

" Our own experience is not in favour of the success of this method of clearing 
the water. It has not been our fortune to see any instance of this process being 
carried out with the result of * very clear ' effluent water. On the contrary, in 
the examples which we have seen, the appearance of the liquid has not been 
sensibly affected by the treatment, and the water has escaped foul and objection- 
able. When the liquid passes away foul and uncleansed we may take it for 
granted that grease is being wasted." 

They gave certain suggestions for the better purification of this class 
of refuse (p. 33), and one or two of these suggestions have occasionally 
been adopted by manufacturers, but until the last few years the old 
process, almost unaltered, was in use at the majority of mills. The works 
erected for the recovery of the grease were frequently grossly neglected 
and allowed to become dilapidated. The management was generally not 
in the hands of an employee of the manufacturer, but given over to a 
grease extractor, whose aim it was to make a profit out of the grease 
recovered, without the least care as to the effluent, and in very numerous 
cases this management was so slovenly, that, as the Royal Commission 
pointed out, great quantities of grease were wasted by being discharged 
into the streams. Samples of the effluents from such works bear this out 
(see Table XXXI.). 

It will be noted that in the table an average figure is given for the 
acidity, but some samples were found to be alkaline in reaction, and had 
to be acidified in the laboratory before the grease could be estimated. 
Such cases clearly show carelessness of management, as the grease cannot 
be separated without making the liquid acid. In the first two instances 
the analyses show the loss of grease which may occur in this process, 40 
per cent, in one case, and 17 per cent, in the other, of the total grease 
present in the crude suds being allowed to escape in the effluent. 

The following is a description of one of the very best of the grease 
extraction works on the old system, with the results of treatment under 
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good managemeut. The only polluting process carried on at the mill is 
wool washing with its accompanying back washing, the water used being 
obtained from a spring. There are four wool-washing bowls, and the total 
capacity of these machines is about 2200 gallons. These bowls are used 
in series, the wool being passed consecutively from No. 1 to No. 4. The 
water used for washing is, on the other hand, passed backwards consecu- 
tively from No. 4 to No. 1, so that the greasy suds are finally discharged 
from No. 1 ; occasionally, however, when the water in No. 2 gets dirty, 
part of its contents is also run off. Various kinds of wool are washed, 
according to the requirements of the business, and on an average there 
are about 18,000 gallons of wool suds per week. The total amount of 
backwashing water averages 1500 gallons per week. 

A block plan of the purification works is given in Fig. 16. The suds 
from the wool-washing bowls and the backwashing machines are passed 
through six brick cooling and settling tanks, which are twelve inches deep 
and have a total capacity of 1600 gallons, and in which sand and dirt 
settle, and are from time to time removed. The solid refuse here collected 
amounts to eighty cartloads a year, and is thrown on to a spoil heap. The 
suds then pass to a storage tank, 11,000 gallons in capacity, from which 
they are pumped into the grease recovery or "seak tanks.'' There are 
four wooden seak tanks, each with a capacity of 6500 gallons. Here the 
suds stand till cold, and vitriol is added in quantities of about 480 lbs. to 
a tank full. After the vitriol is added the tank contents are stirred up 
with a plunger consisting of a piece of flat board nailed crosswise on the 
end of a long pole, and are again allowed to settle for twenty-four hours 
or more, until the grease, which has been separated by the action of the 
vitriol, sinks to the bottom and leaves a more or less clear, yellow liquid. 
This liquid is run off on to a top-water filter through a pipe outlet fitted 
wnth an elbow joint, so that it can be lowered to the proper depth without 
allowing the "magma" or greasy sludge to escape, and the magma is 
afterwards run off by a bottom outlet to a magma filter. 

There are two primary top-water filters, each 27 by 12J feet, composed 
of broken stones and cinders, with a coating of sawdust to catch the grease, 
the whole depth of material being 2 J feet. The effluent from these passes 
to another or secondary filter 20 by 25 feet, of the same construction, and 
the effluent from this is discharged to the stream. The primary filters 
become clogged in a few weeks, when the surface is skimmed oflf and 
replaced by a fresh layer of sawdust. 

The magma filters are three in number, two being each about 24 by 17 
feet, and the third 34 by 19 J feet, and are constructed like the top- water 
filters, but are only 1 foot in thickness of material. The effluents from the 
first two are again filtered along with the top water, while the third is 
drained to the stream. 

The magma stands on the magma filters for several days, until most 
of the moisture has drained away, when it is made into "puddings" in 



[Tofacepage 112. 




shiog Refuse. 



•i 

;i 



THE TEXTILE TRADES. 



113 






'•J 









O 

I 

O 

» 

I 

•J 

O 
O 








«D 





r»- 


00 


kO lO 


Ol 


f>. 


Fat after 


o» 


t«» 


<o 


09 


09 


eo eo 


kA 


eo 


Acidification. 


i-i 


10 




-^ 


CO 


<« eo 

rH 

eo 
ft 



rH 


09 


^ 1 





O* 


t^ 


Ol 








!>. 


1 Temporary. 


00 

rH 




00 

to 


01 


• 
• 
• 


• 

• • 

• • 


• 
• 


"# 


i6 










































00 


f-i 

















Hardn 
rms of 


Permanent. 


• 

00 


• 


• 




• 

o» 




• 
• 


• • 
m m 


• 
• 


00 










09 








rH 




















^ 




00 





t^ 


09 


f-^ 


eo 




t^ 


Total. 


to 


CO 


• 

eo 


• 

rH 


• 


^ 


■ 


• 
I-I 


fl 




r-l 


o» 


«o 


00 


kO 


i-H 


• 


Ok 


i^ 1 


C4 






04 


04 


ft 




fH 










t^ 


CO 


Oft oO 


p 


eo 


Acidity 
(as H3SO4). 


« 


• 


• 


• 


• 


• • 

CO 00 





• 

kO 


• 


• 


• 


eo 


<o 


09 


01 
CO 


eo 


Alkalinity 




00 

• 

rH 




f9 




• 


■ • 


• 


• 


(as NajCOa). 


CO 


CO 


M 


• 


• 


• 


• 


■ 


Oxygen absorbed 


















, N 


la 


10 








kO 








"^ 


from -. perman- 


• 


<?« 




« 


rH 

• 


. • 


« 


• 


o» 


CO 


eo 


09 


00 


00 


CO 


>a 


ganate in four 




eo 


00 


CO 


kO 


eo 


CO 


ta 


hours at 26 -r'C. 


ft 
















Organic 


<N 


kO 


I-I 


00 








•^ 


■^ 


t* 


l-H 


rH 


1-^ 


CO 


CO 


eo 


. 


(Kjeldahl). 


CO 


00 


10 


09 

1^ 


ft 


00 

1^ 


Ok 
09 


I-- 


1 


Albuminoid 


«o 




CO 


■ 





f* 


B • 




CO 


(Wanklyn). 




l-H 





• 


eo 


eo 


■ • 


• 


eo 




eo 





\Q 


00 


I-I 








09 




Ammoniacal. 


«o 

• 

Ob 


o» 

• 

I-I 


CO 

• 

CO 


• 

f-t 




• 

09 


00 

• • 

00 


• 
10 


01 

* 

00 




t-< 




^^ 


01 


09 




1— • 


f-« 


% 


10 


00 


eo 


<«* 


o» 


"* 





CD 


fC3 


r^ 


eo 





«o 


•-• 


f 





\a 


Ol 


«o 


(>• 


lA 


CO 


00 


CO 


CO 


<o 




eo 


00 


00 


09 


kO 


t^ 


eo 

■ 


00 


• 


■ 


o» 

• 


• 


• 


«> 


c2«sS 1 


eo 

00 




rH 


09 


Ok 
09 


00 


09 




s 


^ 


(N 


I-^ 


t* 


09 


eo 


^ 


!». 


IH 


•-• 






i-^ 


I-I 




** 


I-I 


1 

• 


00 


00 


t>- 


Q 


to 


^ 







.2.1 ^-r , 1 


• 




• 

Ok 


• 

00 


• 




fi 


: 


• 
• 


10 


CO 


"* 


10 


09 




■ 






















^ S.*c g d 


• 


a» 


• 


ta 


CO 

• 


«o 

• 


CO 

• 




• 


«I^S 1 


'lit 


i>. 


09 


t^ 


CO 


kA 


•-* 








O) 


(O 


•* 


09 


Ok 


09 


09 


«3 H 


r-l 


«> 


1-t 






rH 


I-I 






a» 


i>- 


kO 


09 


kO 








00 


^3 


• 


C4 


eo 





CO 


kO 


"* 





O'S 


00 


'S' 





Ok 


kO 


: 00 


09 


C9 


E-lr^ 


00 


00 


09 


09 


00 


« 


00 


m^ 


w-»co 


00 




04 


fH 


rt 




t^ 


ft 




a 


• 


• 


• 


. 


1' ■ 

• • 


's • 


m 


1 




■ 


• 


• 


. 


I. 


m 


^ 


9 -^ 


In 


73 






S 


s 




a* 


•>c^* 





6 


4A 


2 


Of S 


ca 




erage Sam 


si 




s 
s 

1 




a 




1 


•0 '^ 
2 ■ a 


CL4 

^0 


• 

i 


> 





Jid 


5 


CS 




«2S) 






CQ 


0) 

02 


S 


^ ^ 


•«4 

Esi 



8 



114 TRADE WASTE WATERS. 

bags of sacking, and pressed in a steam-heated press, worked by hand. 
Some 4^ tons of magma in the puddings are dealt with weekly. The 
expressed oil and acid liquid are separated by settlement in a small tank, 
from which the oil is skimmed off. The oil is afterwards purified by being 
treated with sulphuric acid, heated with steam, and again allowed to settle 
in a tank, from the bottom of which the impure acid water is drawn off. 
Both these acid liquids are passed through the final top-water filter ; they 
ought to be run into the storage tank with the crude suds so as to make 
use of the acid they contain. 

The total cost of the whole plant has not been more than £550. Steam 
is provided by the manufacturer, who estimates its cost at some .£25 per 
annum. The management of the plant is in the hands of a grease extractor, 
who provides sulphuric acid and labour, and pays the manufacturer a rent 
of £80 per annum. It will be seen, therefore, that the manufacturer gets a 
fair return on his capital outlay. 

Samples of crude refuse and of the effluents have several times been 
taken, and analyses are set out in Table XXXII. When these samples 
were taken, greasy Colonial Merino wool was being washed, containing 
52 per cent, by weight of moisture, grease, and dirt, before washing, and 
yielding 48 per cent, of clean wool. 

On examining the analyses of the final effluents to the stream, it will be 
seen that they are still very impure liquids, much worse than any sewage 
effluent which would be considered satisfactory. 

Comparing these results with those obtained in the first two cases 
shown in Table XXXI., it is apparent that the quantity of grease which 
escapes in this case is comparatively small. This is due in great part to 
the better care exercised, and also to the proportionately large tank 
capacity, which allows time for thorough cooling and settlement, for it is 
found that when the acid is added to the hot suds the grease does not 
separate so completely as when the suds are previously cooled. 

In Table XXXIII. are given analyses of the solids recovered at these 
works. It may be noted that the percentage of grease remaining in the 
pressed cake is very high, and, as will be described later (p. 211), a sub- 
sidiary trade has sprung up for the recovery of grease from such magma 
cake by a solvent process. 

Recently several improvements in the working details of this process 
of grease extraction have been brought into use, with the result that a 
much greater percentage of the grease is recovered now than formerly, 
and at the same time less acid is used, so that the process is more 
economical, and the effluents, although still grossly polluting in character, 
are freed from large quantities of grease which formerly escaped into the 
streams. The acid, for example, is now frequently added to the suds as 
they run into the " seak " tank. When a tank is nearly full its contents 
can be tested, and a little more of the acid or of the suds added according 
to the alkalinity or acidity. In the older plants the mixing of the acid 
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and suds was effected by stirring the contents of the tank with a long pole 
on the end of which a flat board was nailed. Now, in nearly every case 
some form of mechanical stirrer is used ; either a set of mechanically 
driven paddles is fixed within the tank, by means of which the contents 
are agitated, or a current of air is forced through the liquid by an air 
compressor or steam injector. By the above improved methods the 
amount of acid used is often reduced 20 or 30 per cent. Sometimes fine 
sand, clay, or flue dust is added along with the acid with a view to entang- 
ling the particles of grease, and causing them to settle more perfectly. 

The method of discharging the acid liquid after the separation of the 
grease has also been improved. In the older works this was effected by 



Table XXXIII. 
SLUDGES FROM TREATMENT OF WOOL- WASHING REFUSE. 

(JUsuUs expressed in parts per cent, ) 
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Ash. 
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• •• 
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67-48 

67-42 
87-87 



* The figures are calculated from an analysis of the moist sludge. 

means of a series of holes in the wall of each tank, fitted with wooden 
plugs which were withdrawn one by one at the discretion of the man in 
charge of the works. Now the discharge pipe is generally fitted with an 
elbowed pipe inside the tank, which can be lowered to let off the acid water 
without letting the grease escape. Another contrivance has been brought 
into use for preventing this escape. The inner end of the discharge pipe 
is carried up inside the tank to a height just above the usual depth of 
sludge obtained, say 9 inches, and over this is placed a metal sleeve 
having numerous longitudinal slots some ^ inch wide on the outside, but 
narrowing to y^^ inch on the inside. Such an apparatus has been used 
for a long time to separate cream from milk, and has now been adopted 
for the above purpose by Sir James Roberts at Saltaire Mills, and is shown 
in Fig. 17. 

In dealing with the deposited grease or magma a considerable improve- 
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ment has been introduced by Mr J. Garfield at the Sewage Works of the 
Bradford Corporation, and is now used at several mills. The magma, instead 
of being rim into filters and afterwards made into puddings, is pumped 
directly into filter presses such as are mentioned on p. 267, and are to be 
found in use at many sewage works, and there it is heated by steam and 
pressed so as to expel the grease and water. This does away with the 
necessity for magma filters and the labour and cost of making the puddings. 
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Fig. 17. —Contrivance for preventing the escape of Grease. 



From the results given in Tables XXXI. and XXXII. it is evident, 
however, that the process is incapable of producing a satisfactory effluent. 
At the best this will be a strongly acid liquor, for a considerable excess 
of acid is required to separate the grease thoroughly. It is also highly 
charged with dissolved organic matters, which are very putrescible immedi- 
ately the excess of acid is neutralised. Such a liquid, acid in reaction and 
still containing considerable amounts of grease, cannot be satisfactorily 
dealt with by biological methods alone, since the acid checks bacterial 
action and the grease clogs up the filtering material. 

By using lime to neutralise the acidity and then adding a further 
quantity along with ferric sulphate to precipitate organic matters, and by 
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provision of settling tanks for the deposition of the resulting solids, a tank 
effluent can be obtained which experiments have shown can be effectively 
purified either on an adequate area of suitable land or on an ordinary 
percolating filter. Table XXXI. shows the amounts of these precipitants 
required, and Table XXXIV. the effects of their use. In the samples there 
dealt with there were still large amounts of grease present, and this 
entailed the use of corresponding amounts of precipitants, much greater 
than would be necessary in dealing with the seak effluent from a well- 
managed plant. The precipitation produces a considerable quantity of 
flocculent solids which even after twenty-four hours' sedimentation form 
16 to 24 per cent, of the volume of liquid treated ; but these amounts too 
would be greatly reduced if the grease were thoroughly removed previous 
to precipitation. Even after this reduction, however, it is probable that 
1000 gallons would yield something like half a ton of liquid sludge 
containing 90 per cent, moisture. This sludge is very retentive of 
moisture, and would have to be dealt with in filter presses or dried by 
some analogous method, or it might be found possible to mix it with the 
acid sludge from the seak tanks and thus to recover the grease it contains. 
It might be economical to pump the precipitated liquid, without previous 
settlement, directly into filter presses, and thus avoid the expense of 
settling tanks and the cost of working them. 

In the filtration experiments a small percolating filter was arranged in 
a glass cylinder, 4| inches in diameter and 10 inches deep, filled with 
clinker taken from a bed which had been for some years in regular use at 
sewage works. The filtering material consisted of pieces about an inch in 
sisse in the lower layers, diminishing to about ^ inch towards the surface. 
The top 2 inches consisted of a layer of fine material of which the particles 
were between ^ and ^V ^^ ^^ ^^<^^* "^^^^ ^P ^^J^^ was employed with a 
view to ensuring proper distribution. Doses of 10 c.c. to 30 c.c. were 
applied at intervals, and the layer of fine material acted like a sponge, 
absorbing each dose for the time being and allowing the liquid to escape 
gradually into the body of the filter. The filter, after being gradually 
accustomed to treat this refuse, was used regularly for a month 
with doses at the rate of 36 gallons per cubic yard per day, but this 
quantity was applied in eight hours, and the filter was rested sixteen 
hours. The filtrate was collected and passed through another similarly 
constructed filter. 

Table XXXIV. shows the results obtained by this method of treatment. 
The filter effluents were all incubated for fourteen days at a temperature of 
37* C, but during this period did not show any signs of putrefaction. On 
examining the analyses it will be seen that the oxygen-absorbed and 
organic nitrogen figures are very greatly reduced by the filtration, and 
that large amounts of nitrates have been formed, in spite of the contention 
of Messrs Clark & Adams in their paper quoted on p. 65. It will be 
noted also that considerable amounts of suspended matter were found in 
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the efSuents, but that the effect of these in raising the oxjgcn-absorbed 
figures was very slight. They could be removed by suitable humus tanks 
or straining filters (see p. 268). 

The cost of this method of treatment is considerable. The cost of the 
grease recovery process may be calculated from the instance given on 
p. 114, and, as stated there, is more than covered by the return from the 
sale of grease. From the further process of treatment there is no such 
return. In the case of a mill from which 200,000 gallons of wool-washing 
refuse are discharged weekly, the following works would be required for the 
treatment of the effluent from the grease plant : — Four precipitation 
tanks, each of 10,000 gallons capacity, which might be made of wood, and 
with foundations, valves, and fittings, could be constructed for £400. A 
percolating filter 600 square yards in area, 6 feet deep, which, with 
foundations and fittings, would cost, say, J&500 to £600. A second filtra- 
tion might not be necessary, but it would be advisable to have a final 
settling tank of 4000 gallons capacity, the cost of which would be small. 
If it were found impracticable to press the sludge along with the magma 
or sludge from the seak tanks, a sludge-pressing plant to deal with 20 tons 
of wet sludge per day would be required, and this would cost altogether 
some £450. The whole outlay would thus be approximately £1400. 

The working cost, taking precipitants at 6d. per 1000 gallons, would 
be £260 a year for chemicals ; for sludge pressing, including the power, 
lime, cloths, labour, and repairs, at the rate of 2s. per ton of press-cake, 
which is more than the rate per ton at the Leeds Sewage Works (see 
City of Leeds Sewerage Committee, Annual Report, 1911), the cost would 
be £130 a year; and there would be over 1000 tons of pressed cake per 
annum to be disposed of, but this should have a sale for the extraction of 
the residual grease by means of a solvent, or for use as a manure. Very 
little labour would be required except in dealing with the sludge. The 
total outlay for the treatment of the effluent from the grease plant would 
therefore be something like £1400, which at 10 per cent, for interest and 
depreciation would amount to £140 per annum, while the cost of chemicals, 
sludge pressing, etc., would be about £390 per annum, making a total 
annual cost of £530. This would make the total cost of treatment, 
including everything except the price of the site required, 12d. per 1000 
gallons, of which 9d. would represent the working cost. Against this must 
be placed the profit from the previous process of grease recovery and the 
value of the sludge cake. 

In place of the method suggested above for the recovery of grease by 
acidification and further precipitation of the r0sulting effluent, it is possible 
to have only one precipitation process by using an iron salt to bring down 
together both the grease and the organic matters in the refuse. The 
resulting sludge can be afterwards acidified to release the fatty matters, 
when pressing with heat will yield liquid grease and a solution of the iron 
salts, and these, containing about 70 per cent, of the quantity originally 
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added, can be used again for precipitation. Such a process has in fact 
been in use for some time at Messrs Kelsall & Kemp's mills at Norden 
near Rochdale for dealing with piece scouring refuse (see Tatton, Proc. 
Inst. CivU Eng,^ 1900, vol. 140, p. 4). It does away with the need of 
settling tanks for precipitation of the grease plant effluent. 

The Royal Commission of 1868 (Third Report, p. 29) suggested that 
such liquids as wool suds might be evaporated without undue cost, and an 
evaporation process which has been patented by Mr Walter Leach and 
Messrs John Smith k Sons, of Bradford, is probably the most perfect 
method of dealing with these liquids. The apparatus employed consists 
of a Yaryan evaporator, a centrifugal separator, and a cylindrical revolving 
incinerator. The wool suds are taken fresh as they are discharged from 
the washing bowls and passed through settling tanks to get rid of the bulk 
of the sand and mud. These tanks are three in number and have a total 
capacity equal to one and a half days' flow of the suds, and two are in use 
at one time, the third being out of use for cleansing purposes. The suds 
after this removal of sand are treated in a patent Yaryan evaporator, 
made by the Mirrlees, Watson k Yaryan CJompany, Ltd., Scotland Street 
Ironworks, Glasgow. This has been used very extensively for the con- 
centration of dilute liquids, for instance, in sugar refining and in the 
manufacture of wood extracts ; it has also been used for the distillation 
of water, as, for instance, at the port of Aden, where drinking water is 
distilled from sea water ; and the plant serves both these purposes in the 
process of Messrs Smith k Leach. The evaporator itself is described in 
Chapter XI. 

The suds are thus concentrated to -^ or ^^y of their original bulk, 
while 80 per cent, of the evaporated water is recovered, both liquids 
issuing from the apparatus at a temperature of some 46'' C. to 49° C. In 
the crude untreated suds the grease exists in the form of an emulsion 
from which it cannot be separated by centrifugal action, but by this 
concentration the specific gravity of the watery part is increased to such 
an extent as to make separation possible. The concentrated liquid, there- 
fore, after being heated again to nearly boiling point, is further treated in 
a centrifugal separator, somewhat on the lines of a cream separator, where 
the rapid motion separates it into an outer layer of sand and mud, a 
middle layer of soapy watery liquid containing all the potash of the wool 
and an inner layer consisting almost entirely of wool grease. 

The sand and mud adhere to the separator and are removed from time 
to time by hand as refuse, and by an ingenious contrivance the soapy 
potash liquor and the wool grease are caught up separately and conveyed to 
separate receptacles. The wool grease is purified by warming it up with 
water and allowing it to separate out again by cooling. The soapy potash 
liquor is further condensed in the Yaryan evaporator till it loses three- 
quarters of its bulk, when it is passed through a revolving cylindrical 
incinerator, such as is shown in Fig. 66 on p. 282, in which it is burned 
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to get rid of the water and organic matter, and from which it issues as 
crude carbonate of potash. 

The suds are thus totally got rid of, and in their place there remain — 

1. Distilled water; 

2. Wool grease ; 

3. Crude carbonate of potash ; and 

4. The sand and mud. 

The distilled water is not perfectly pure, but contains a minute per- 
centage of ammonia and a trace of grease, wliioh have come over in the 
process of evaporation, but it is very valuable for use in the washing bowls. 
As much as 15 to 30 per cent, less soap is required when it is used instead 
of town's water, and it is recovered at the temperature required for wool 
washing. 

The wool grease is much more valuable than the ordinary black grease 
recovered by the usual sulphuric-acid process, inasmuch as it is recovered 
from the fresh suds before they have undergone decomposition, and is 
quite free from mineral acid, none having been used in the process. It is 
free, moreover, from fatty acids, and can thus be used without further 
purification as a lubricant or for any of the other purposes for which the 
black grease, when purified, is used. As a matter of fact the price 
obtained for it has been nearly double the market price of black grease, 
and it has been found very useful as a lubricant in presence of water and 
at temperatures up to 38" C. 

The carbonate of potash contains from 50 to 70 per cent, of pure 
carbonate, depending upon the mud and sand present, and can either 
be used in its crude state for washing other wool, or can be sold for 
purification. 

The sand and mud possess little manurial value, but could be used with 
advantage on some soils for agricultural purposes. 

There are two important incidental advantages in this process of 
dealing with wool suds. The suds are dealt with in a fresh state so that 
the whole process can easily be carried on without causing any nuisance, 
such as frequently arises from the careless management of ordinary seak 
tanks, and the whole apparatus occupies comparatively little room. 

From the foregoing brief description it will be gathered that the 
method is one that, for the treatment of wool suds, does away with the 
necessity of discharging any liquid either into the streams or into the 
sewers, and yields several valuable bye-products, and the chief point to 
be inquired into is whether it can be carried out at a reasonable cost. 
The results of investigation upon this head are very satisfactory when greasy 
wools are being dealt with. 

At Field Head Mills, Bradford, a plant dealing with the suds there 
produced was worked for several years, but was abandoned owing to 
changes in the class of wool washed. 
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The suds came from two sets of wash bowls, each set discharging 
600 gallons an hour for ten hours a day, giving a total of 1200 gallons an 
hour or 12,000 gallons a day. The apparatus, including the Yaryan 
evaporator, two centrifugal separators, the incinerator, the boiler and 
furnace, and the necessary tanks and pumps, was, however, capable of 
dealing with double this amount. The space required for the whole 
apparatus, exclusive of the boiler and furnace and the set of preliminary 
settling tanks, was 48 feet by 24 feet floor space, by 40 feet in height, but 
the height could be reduced were more floor space available. 

The cost of the plant was somewhat large, amounting to £4500 in all, 
including a special boiler, and the working cost was considerable both in 
coals and labour, as two men were required to attend to the apparatus and 
another man to act as fireman in the boiler house, where there was a 
special boiler, and the coals consumed in the boiler furnace and in the 
incinerator amounted to about 20 tons per week. On the other hand, the 
value of the bye-products recovered was very great. In June 1909 
Mr Walter Leach furnished the Royal Commission on Sewage Disposal 
(Seventh Report, vol. 3, p. 102) with the statement given in Table XXXV., 
showing the results of a test of this apparatus and the capabilities of the 
plant. 

In view of the great initial cost of the apparatus, it would be advisable 
in many cases that neighbouring manufacturers should combine in the 
erection of a central plant, to which their wool suds could be piped. A 
short consideration will show that the application of this method must be 
greatly restricted by the cost, and that, in fact, the process is only applic- 
able in cases where valuable bye-products can be recovered. The Yaryan 
evaporator requires 1 lb. of coal for every 40 lbs. of water evaporated, includ- 
ing the 8 lbs. evaporated in the boiler. This, with coal at 10s. a ton, works 
out to 13Jd. for coal alone for every 1000 gallons evaporated. In fact, 
the Yaryan Company only claim to produce distilled water at 2s. per 
1000 gallons, taking into account the cost of the apparatus and the 
labour, as well as the coal used. 

The process does not seem applicable, therefore, to the treatment of 
suds from the washing of previously scoured or skin wools or of mohair or 
alpaca, seeing that in these there are neither wool grease nor potash in 
quantities worth recovering. Unfortunately for the general adoption of 
this process, wool is combed on commission in most of the large wool- 
combing establishments — that is, it is sent in by manufacturers to be 
prepared for their use, and the diflerent kinds of wool are mixed before 
being combed, so that it is difficult to know beforehand how much grease 
and potash will be recoverable. The samples given, however, in Table 
XXXI., taken from three different works, show that, generally speaking, 
there is quite sufficient of these bye-products present to make the process 
profitable. 

A new process for the recovery of grease and potash from wool suds 
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has recently been patented (No. 7214, 1912) by Messrs Chi^mbers & 
Hammond, and works on this system have recently been constructed. 
The largest item of expenditure in the ordinary acid method is the cost 
of the sulphuric acid necessary, and these gentlemen have discovered that 
by passing flue gases from the mill chimney through the wool suds the 
carbonic acid present is sufficiently powerful to crack the suds and 
separate the fatty acids. These can be removed by settlement of the 
liquid, leaving an aqueous solution of potassium carbonate, which, as 
already suggested, can be recovered by evaporation and incineration. 
The flue gases contain some sulphuric and sulphurous acids in addition 
to the carbonic acid, and these stronger acids must be removed by a 
scrubbing process if it is intended to recover potash from the suds. 

The extraction of the grease from the raw wool by means of solvents 
has often been advocated, but has not yet come much into use. At 
Arlington Mills, in Lawrence, Massachusetts, and at the wool-combing 
establishment of Le Solvent Beige (Soci^t^ Anonyme) in Verviera, Belgium, 
the wool in its raw state is treated in an iron receptacle with cold 
petroleum benzine. This dissolves out the grease, and, after being 
repeatedly used, is run off to be distilled for the separation of the benzine 
and the grease. The benzine remaining in the wool is driven out by a 
stream of warm carbon dioxide, and is also recovered by condensation, 
the carbon dioxide being returned for re-use. 

At Fieldhead Mills, Bradford, a similar process, but in a different form 
of apparatus, was for a time adopted by Messrs John Smith & Sons, Ltd. 
The plant was somewhat costly and its use was not free from danger of 
explosion; it has, in fact, been thrown out of use probably for these 
two reasons. The loss of the solvent was said to be about 1 gallon per 
100 lbs. of wpol treated. 

Another solvent process, in which bisulphide of carbon was used, was 
employed for some time by Messrs Isaac Holden &, Sons at their Alston 
Works, Bradford, but after two accidents was abandoned on account of 
the danger. 

A new apparatus for degreasing wool, by means of which the potash 
can also be recovered, bids fair to revolutionise the wool-washing process. 
This is the degreasing plant of Smith's Patent Vacuum Machine Co., Ltd., 
Dewsbury, which is shown in Figs. 17a and 17b. 

The grease is first dissolved out of the wool by means of petroleum 
naphtha under diminished pressure, the naphtha being recovered by distilla- 
tion, and the potash is afterwards extracted in the same machine by means 
of water, the aqueous solution being concentrated and incinerated. The 
grease and potash having thus been extracted from the wool, the completion 
of the cleansing operation is quite easy, and yields only a small amount 
of refuse. 

The machine is very similar to one of the ordinary centrifugal driers 
found so commonly in woollen mills, but the central axis is set horizontally 
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instead of vertically. There is an inner perforated basket divided by radial 
partitions into four compartments, into which the raw wool is fed. This is 
enclosed in an air-tight casing, in which a vacuum can be produced. The 
charge of wool having been introduced into the machine, a vacuum is produced 
by means of the vacuum pump shown in Fig. 17a. A sufficient amount of 
naphtha is introduced from an overhead storage tank, and by suitable 
gearing the central basket is made to revolve slowly, first in one direction 
and then in the other, dipping at each revolution into the naphtha at the 
bottom of the machine. The naphtha is thus made to permeate the wool 
thoroughly, and in a few minutes dissolves out the whole of the grease 
When this is accomplished the naphtha is run off into a greasy spirit tank. 
By a clever arrangement of the gearing a much more rapid motion (500-600 
revolutions per minute) is then given to the central basket, so that by 
centrifugal force most of the remainder of the naphtha is driven out of the 
wool, leaving behind an amount equal to some 5 per cent, of the weight 
of the charge of wool. Provision is made for driving off even this remain- 
ing naphtha by means of a current of warm air or other suitable gas, and 
recovering it by condensation. 

For the recovery of the potash a vacuum is again produced in the 
machine, a sufficient amount of water is introduced, and the operation is 
repeated as before, yielding a strong solution of potash, which is let off 
into a potash liquor tank. After this extraction of the potash the wool is 
dried by the centrifugal motion, and, if necessary, by the introduction of a 
current of warm air, and is then removed from the machine. 

In the degreasing part of the process the naphtha, which is drawn from 
the apparatus by the vacuum pump, is passed through a cooler and vapour 
absorber, where most of it condenses, and is returned for re-use. The 
greasy spirit is drawn by the vacuum pump into a still, where the naphtha 
is evaporated under diminished pressure, to be also caught by a condenser 
and returned for re-use, while the grease remaining after the evaporation is 
run off into suitable storage tanks. 

Since no water is used in the degreasing process, and the water used 
in the potash recovery must be wholly evaporated, there is no liquid 
refuse, except the distillate from the evaporation process, to be dealt 
with. By passing the wool through this apparatus it is freed from 
grease and from potash, and, incidentally, from sand and other impuri- 
ties which have been set free by the extraction of the grease and 
carried away by the naphtha and the water. To cleanse it completely, 
therefore, it is only necessary to rinse it in a small quantity of water, 
yielding a refuse of slight impurity compared to ordinary wool-washing 
suds, and easily purified or otherwise disposed of. 

The plant shown in Fig. 17b is capable of dealing with 700 to 1500 lbs. 
of wool at each charge. The loss of spirit amounts to about 5 per cent, of 
the weight of wool treated, and this loss can be further reduced by the 
warm air treatment. 
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On the other hand, the advantages claimed for the process are many, 
irrespective of the avoidance of the grossly polluting discharge from the 
ordinary wool- washing process. 

1. All the grease and all the potash are recovered. 

2. The material is left in a better condition than when washed in 

the ordinary way, no alkalies having been used. 

3. There is no waste of wool fibre. 

4. The operation being conducted under diminished pressure, the 

risk of explosion is reduoed to a minimum. 

It has usually been objected to the use of a solvent for degreas- 
ing wool that too much grease is extracted, leaving the wool in a dry, 
harsh condition, so that it "flies" when passing through the carding 
machines. In this apparatus, however, by mixing greasy naphtha 
with the pure spirit used any desired percentage of grease can be 
left in the wool. 

Unlike the Smith-Leach process, this newer method is not only applic- 
able to the cleansing of greasy wools, but can be used for others as well, 
although not then so profitably. It can also be used for removing the 
grease from yarns and pieces, or for dry-cleaning garments, for which 
purpose indeed it was originally invented. There seems no reason why it 
should not be slightly modified, and used for extracting the grease from 
magma cake, cotton waste, and bones. 

Greasy wools, after treatment by any solvent process, still contain 
many impurities, consisting largely of valuable potash salts. These 
can be all washed out by water without the use of soap, and from 
this water the potash salts can be easily recovered as described on the 
preceding page. 

It may be concluded from the above that if the ordinary method oi 
cleansing wool is adhered to, the resulting suds can be purified partly by 
chemical and partly by biological methods so as to produce an effluent fit 
to be discharged to a stream, while the recovered grease and potash will 
go far towards paying for the cost incurred. On the other hand, methods 
of cleansing wool are available from which there need be very little dis- 
charge of liquid refuse, and that little of a nature which renders it easy 
to purify. 

Silk Boiling. — Raw silk, as it is received by the manufacturer, is 
yellowish-grey or dull white in colour and rough to the touch, very 
different to the smooth and lustrous manufactured article. This is due 
in great part to the sericine or silk gum with which the fibres are ooated 
as they leave the silkworm. Much of the silk reaches this country in 
hanks which have been reeled from the cocoons, but there is also a large 
amount in the form of compressed bales of waste silk, and of cocoons, more 
or less damaged in the reeling and still for the most part containing the 
dead silkworm. These cocoons are carded and spun very much in the 
same way as wool, and to facilitate these operations the sericine and other 




[To face page 126. 







SodLE or raTr 



asing Machine. 



THE TEXTILE TRADES. I 27 

impurities must be removed from the fibre. When the silk is to be dyed 
the sericine must be partially or wholly removed from it whether it is in 
hanks or in cocoons. 

The treatment adopted for removing these impurities is to boil the 
silk in a soap solution. This process is repeated once or twice with fresh 
soap solutions, and finally the material is boiled in a weaker solution, 
rinsed in tepid water, rendered slightly alkaline by the addition of sodium 
carbonate, in order to prevent the precipitation of lime soap on the fibre, 
and washed off in cold water. Usually the soapy water which comes from 
these final processes is used to make up the first tub. 

The whole of the refuse discharged from a silk mill is therefore from 
the silk boiling, and a very foul liquid it is, even more polluting than wool- 
washing suds. It is a thick, brown, soapy liquid, often almost of a jelly- 
like consistence, and shaking produces in it a marked satiny appearance. 
It contains the soap which has been used in boiling, the sericine and 
colouring matter which have been extracted from the raw silk, and, where 
the cocoons have been boiled, many of the chrysalides and much organic 
matter which has been boiled out of them. It has a peculiar offensive 
odour even when fresh, and soon becomes putrid, when it has the very 
offensive smell of rotten pig manure. 

In boiling silk waste about 220 gallons of water and 25 to 35 lbs. of soap 
are used for every 100 lbs. of silk, and occasionally a little soda is also used, 
and these, with the substances extracted from the silk, produce a liquid 
which is vastly more polluting than any ordinary domestic sewage (see 
Table XXXVI.). 

The treatment of a liquid of this kind is quite a simple matter, 
although not inexpensive. By the use of a precipitant such as alumino- 
ferric or ferric chloride, and by settlement of the precipitated solids in 
tanks, a tank effluent can be obtained practically free from soap and sericine, 
and in a condition suitable for purification on land, or on a biological 
filter such as is described in Chapter XI. (p. 269). 

In Table XXXVI. are set out the results of treatment by precipitation 
in settling tanks, followed by passing the tank effluent through simple 
straining filters. In this method of treatment a considerable difficulty 
arises in dealing with the sludge produced ; the sericine, like the wool fat 
in wool suds, forms an emulsion with the water, and the sludge is somewhat 
difficult to dry. If acidified and pressed with the aid of heat, it does not 
yield up its grease readily, so that it is doubtful whether it w^ould be an 
economical process to attempt the extraction of the grease. By running 
the sludge, however, on to an adequate area of such sludge filters as are 
described on p. 264, it can be sufficiently dried to be* easily removed by 
spade and carted away. The dried sludge mixed with farmyard manure 
is very useful for agricultural purposes. 

Afl the refuse is highly concentrated by the re-use of the weaker waters 
in the manner described, the amount of precipitant necessary is con- 
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siderable. In some experiments it was found that from 300 to 500 
parts of alumino-ferric or ferric sulphate were necessary to precipitate 
100,000 parts of the refuse, and that after separation of the resulting 
sludge the liquid had an oxygen-absorbed figure equal to 40 per cent, 
of that in the original liquid. On applying the precipitated and settled 
liquid to a small percolating filter, such as has been described on p. 117, at 
the rate of 27 gallons per cube yard per day, during eight hours each day, 
a further purification of 80 per cent., judged on the oxygen-absorbed 
figure of the liquid applied to the filter, could be effected, making a total 
purification of 92 per cent. 

Mr R. W. Oddy, F.I.C., of Rochdale, has treated this class of refuse by 
passing chlorine thit)ugh it. This partially oxidised the refuse, with the 
formation of hydrochloric acid, which combined with the soda of the soap 
present and separated the fats. These were filtered off and boiled up with 
soda or potash into soap for re-use in the mill. The liquid, after the 
separation of the fats, was further purified by filtration. 

Thia refuse is not in all cases to be regarded as a waste material, for 
in a silk mill to which a dyehouse is attached it is generally used up by 
adding it to the dye baths with the object of causing the colours to dye 
level. In one case in the West Riding of Yorkshire, where silks are dyed 
and silk-boiling refuse is used in this manner, the sludge recovered from 
the dyewaters is pressed in a sludge filter press by the aid of heat 
(see p. 116), and the grease thus recovered is made into soap which is used 
on the premises. 

For Bibliography see end of Chapter IX, 



CHAPTER VIII. 

THE TEXTILE TRADES— continued. 

Dyeing— Changed methods during last fifty years— Examples of purification works- 
Settling tanks — Waiters apparatus — Mackey's apparatus— Bell's patent filters 
— WatS)n'8 plant — Archbutt-Deeley system — Indigo dyeing — Sulphide hltkcjs. 
dyeing — Summary— Printing— Stiflfening and loading — Carbonising. and stripping 
— Mercerising. 

Dyeing. — This process, although applied to almost all kinds of textile 
materials in every stage of their manufacture, yields refuse which does not 
vary greatly with the nature of the material, and which is therefore in all 
cases amenable to similar methods of purification. The methods of dyeing 
in use are almost innumerable and are constantly changing ; they have, in 
fact, been revolutionised since they were reported upon by the Royal Com- 
missions of 1865 and 1868 (see 1865 Conmiission, Third Report, p. 22 ; 
1868 Commission, Third Report, p. 18). 

At that time the dyeing materials chiefly in use were different kinds of 
woods, which were for the most part extracted in the dye baths themselves. 
As mordants for fixing these dyes, ferrous sulphate, alum, argol, and 
bichromate of potash were generally used, and were added to the dye 
liquor in the vat, where they precipitated the colouring matter within the 
fibres of the material being dyed. This process was an extremely wasteful 
one, for much of the colouring matter was precipitated in the liquid 
contents of the vat, where it had little effect upon the fibre, and was 
afterwards discharged as refuse. It also gave rise to gross abuse of the 
streams, for both Commissions repeatedly referred to the large quantities 
of spent woods discharged to the streams and to the pollution of the 
water and obstruction of the flow thus caused. The effect produced on 
the rivers of the West Riding of Yorkshire they summed up by stating 
that with very few exceptions these streams ran with a liquid which had 
more the appearance of ink than of water. The 1865 Commission, in their 
Third Report (p. 24), stated that very few attempts had been made to 
cleanse dyewater. 

At the present day the use of woods as a source of colouring matter 

is rapidly decreasing. Where they are still used the colouring matter is 

usually extracted from them by a special manufacturer, who sells the extract 

to the dyer, and who can easily provide himself with facilities for burning 

or otherwise getting rid of the spent woods. In many cases these are dried 
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iu a centrifugal machine, mixed with fuel, aud burnt in the boiler furnaces. 
But for the most part modern colouring matters consist of derivatives of 
coal tar, obtained by processes based upon the discoveries of Perkin in the 
middle of last century. These dyes are extremely soluble and highly con- 
centrated, so that the dyer now buys them by the pound, whereas he formerly 
bought dye woods by the ton. They are, moreover, free from impurities, so 
that when a dye vat is partially exhausted of colouring matter it need not be 
discharged, but can be made up afresh by the addition of further quantities 
of dye. Improved machinery has also gi'eatly lessened the polluting dis- 
charges and the waste of colouring matter. In such machines as those of 
Obermaier and Dr^ze the contents of the dye vat are circulated repeatedly 
through the materials being dyed, until nearly the whole of the colouring 
matter is exhausted, and the volume of dye liquor used in these machines 
may only amount to one-tenth of that required in an ordinary dye vat. 
The exhaustion of the colouring matter is also sometimes achieved by 
extracting it with a new batch of goods, which is afterwards finished off in 
a freshly made up vat. 

Notwithstanding all these improvements the discharges from every 
dyehouse are still at times of a polluting character. When it is necessary 
to change to another colour a fresh vat must be prepared, and the contents 
of that in use are usually discharged ; mordanting materials are also still 
used, and the vats in which they are contained are let Off from time to 
time ; the old process of dyeing with wood or extracts with the aid of 
an iron mordant is still employed, especially for cotton goods and in " burl 
dyeing " or the colouring of vegetable fibres in woollen goods ; the coolings 
and rinsings of the goods as they are withdrawn from the vats often 
contain considerable amounts of siispended matter ; while in all dyehouses 
some quantity of soapy liquid or of soap bark or fuller's earth is used at 
times for cleansing purposes ; the various dye liquors, moreover, are often 
highly coloured and strongly acid, and practically always contain some 
fibres which have been washed off the goods. It will thus be seen that 
even in the case of the most modern dyehouses polluting discharges have 
to be dealt with, whilst there are still a considerable number of dyehouses, 
especially the smaller, where the old and more polluting processes of 
dyeing are still in use. 

It .would be difl&cult, and for the present purpose it is unnecessary, 
to explain in detail the various processes employed in a dyehouse. To 
describe the process generally, it may be said that the goods, which must 
"previously have been cleansed, and especially freed from all greasy matter, 
are soaked or boiled in the dye vats, and often either before or after this 
are passed through a solution of mordant to fix the colouring matter. 
They are then usually thoroughly washed with large volmnes of clean 
water to cool them after boiling, and to remove the excess of dye. In 
some cases this final cleansing is assisted by the use of soap, soap bark, or 
> fuller's earth. 
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Although the refuse varies considerably in various places, it is always, 
as has been said, amenable to the same kind of treatment, that usually 
adopted taking the form of screening and settlement, with or without 
chemical precipitation, followed by filtration. 

In many dyehouses, and especially in those dealing with heavy woollen 
goods, large amounts of loose fibre escape in the waste dyewaters, and it is 
important that before any attempt is made at further purification these 
should be thoroughly removed by screening apparatus, such as is described 
on p. 239. These fibres have a considerable market value, which in very 
many cases amply repays the cost of any screening apparatus. If they 
are not removed they add greatly to the amount of sludge wliich may be 
deposited in any settling tanks and in other ways increase the difficulties 
of purification, for example, by forming a felted coating on the surface of 
the filters. 

The means adopted for the further treatment of waste dye liquids vary 
greatly in the methods of adding precipitant, the kind of settling tank 
employed, and in the form of filter used, and these variations can best be 
illustrated by describing a few works actually in use, and setting out the 
analyses of the various kinds of refuse and of the effluents produced. 

Ordinary Settling Tanks. — As an example of the simplest form of 
settling tanks applied to the treatment of dyewaters those shown in Fig. 
18 may be taken. They consist of a series of seven settling tanks, which 
were originally followed by two cinder filters, but, as it was found in 
practice that the tank effluent was little improved by passing through the 
filters, these were converted into two additional settling tanks, thus giving 
a total capacity of 56,000 gallons. The refuse here dealt with amounts to 
40,000 gallons per day and comes from the dyeing and finishing of cotton 
cords, and usually contains suspended matters in amounts varying from 
10 to 20 parts per 100,000. After simple settlement in the tanks, the 
suspended mattera are so effectually removed that the effluents have never 
been found to contain more than 3 parts per 100,000. At somewhat 
varying intervals the tanks are run off to the sludge filter, where the 
water percolates away and the sludge is left to dry. Eight tons of air- 
dried sludge are removed from the works per annum. 

The total cost of these works was ,£400, and the only working costs 
are those entailed by the cleansing of the tanks and the removal. of the 
sludge, which together amount to £6 per annum. 

Waiters Apparatus. — Since the need of an apparatus for the treatment 
of trade effluents on a limited site hjis made itself felt, not only have new 
forms of apparatus been devised, but various methods originally intended 
for the purification or softening of water have been brought into use. 
Such an apparatus, patented (No. 11,366, 1901) by Thomas Waito, 
3 Hillside Road Works, Bradford, has been found very useful in purify- 
ing dyewaters in cases where the available site for purification works is 
limited in area. The following description, presented as a report to the 
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West Riding Rivers Board in 1908, gives full details of a plant of this 
kind erected at Wensleydale Mills, Batley, in 1904. The plant is no 
longer in operation there, where another class of trade is now carried on, 
but it has been purchased by another manufacturer and removed to his 
premises for the purification of the refuse from his dyehouse, the effluent 
being re-used as it was at Wensleydale Mills. Since the date of this 
report Mr Waite has erected several works of the same kind w^ith equally 
successful results. 

The accompanying diagram (Fig. 19) shows the principle of the working 
of the apparatus, although it does not represent the works actually erected 
at Wensleydale Mills. The apparatus as there shown consists of three 
vertical iron towers. The water to be purified is pumped up to the top 
of the towers on to a small water-wheel B, which drives a very simple 
apparatus G, for adding chemical precipitants in proper quantity, a 
stirring appai^atus in the top of the first tower for mixing the chemicals 
with the water, and gearing HK for automatically discharging sludge 
from the towers. The water after the addition of the precipitants passes 
down the first tower and out by a side opening one or two feet from the 
bottom into the second tower near the bottom ; in this tower it rises to 
the top, depositing suspended solids as it rises, and passing through a 
filter of wood shavings at the top of the tower. The w^ater is allowed to 
overflow from the top of the second tower down a pipe which delivers it 
into the third tower near the bottom, from which point it rises through 
the third tower and again is filtered through a layer of wood shavings. 
The overflow from the top of the third tower is conveyed away by a 
channel to a storage cistern from which it is delivered for use. 

So far then the process is one of the precipitation of the impurities 
by chemicals and their separation from the liquid during an upward flow, 
a separation which is assisted to some extent by the filtration through 
wood shavings. The advantages of such a form of apparatus are that, 
including the height of the three towers, a great depth of settling tank 
is provided, and during the progress of the water through the second and 
third towers the rate of flow is very greatly reduced, and these two 
features give the suspended solids ample opportunity of subsiding. 

The other special features of the apparatus are the method of adding 
the precipitant and the method of getting rid of the sludge separated 
from the water. Sufficient precipitant in solution is added daily in tanks, 
D, E, F, at the top of the towers, to deal with the day^s flow of water, 
and the tanks are three in number, so that three different precipitants in 
different proportions can be added. In the first tank milk of lime is 
placed, in the second alumino-ferric, and in the third carbonate of soda. 
The water-wheel B drives three subsidiary wheels G, G, G, which revolve 
in the tanks of precipitant. On the rims of these wheels little buckets 
are fixed, which as the wheels revolve draw up a certain quantity of the 
precipitant from each tank and empty it into a channel which carries it 
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into the pipe conveying the water to the top of the first tower. Provision 
is made for adding the lime and mixing it with the water before the other 
precipitants are added. The speed at which these bucket-carrying wheels 
revolve depends upon the rate at which the water is pumped, and thus 
the quantity of precipitant added varies directly with the quantity of 
water passed through the apparatus. 

The apparatus for discharging the sludge is equally automatic. At 
the bottom of each tower at K there is a valve governed by a long rod 
which is connected by gearing with the water-wheel at the top of the 
tower. By a simple contrivance these valves can be set to open at fixed 
intervals of a quarter of an hour, an hour, or longer, as may be required, 
the rate of opening being again dependent upon the rapidity with which 
the water is being passed through the plant. The valves when opened 
only discharge a few gallons of liquid sludge and then are automatically 
closed. The sludge is received on sludge filters, the water draining from 
which is run back into the pump well and again passed through the 
apparatus. The sludge from which the water has drained, when 
sufficiently dry, is removed by spading from the surface of the filters. 

The apparatus is thus as nearly automatic as possible. The small 
tanks containing the precipitant are filled up daily, the pumps set at 
work, and as long as the gearing is in good condition the apparatus needs 
no further attention, beyond the periodical cleansing of the sludge filters. 
The apparatus erected at Wensleydale Mills is almost exactly on 
these lines (see Figs. 20 and 21). It was intended to deal with 3000 
gallons of refuse per hour, but has been at times dealing with about 
50,000 gallons per day of ten hours. The average amount dealt, with 
may be ^ taken as about 30,000 gallons a day. The refuse runs into a 
sump well 23 feet by 13 feet by 15 feet deep, or 28,000 gallons in capacity. 
From this the refuse is pumped a height of 45 feet to the water-wheel at 
the top of the*plant, from which it passes down the first or mixing tower, 
where it has the chemicals added to it. This tower is 30 feet in height 
and has a diameter of 3 feet and a capacity of some 1300 gallons. The 
liquid as it escapes from the bottom of the mixing tower is passed into 
the largest settling tower near the bottom. This tower is 30 feet in 
height and 8 feet in diameter, with a capacity of some 9400 gallons. 
The liquid^rises through this tower and, overflowing at the top, is conducted 
byj^pipes into the bottoms of the remaining two towers, which are each 
7 feet in diameter, 30 feet in height, and 7200 gallons in capacity. At 
the top of these final towers there is a layer of wood shavings through 
which the • liquid is ]strained and the final efiluent escapes. The total 
capacity of the four towers therefore is 25,000 gallons, and the rate of 
upward flow in the second or largest tower when 3000 gallons per hour 
are passing is about 2 inches per minute, while in the final towers it is 
about 1^ inches per minute. 

The sludge filters provided are six in number, each 9 feet by 8 feet. 
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They are composed of broken stone with furnace clinker on the surface, 
and are 15 inches in depth. They are protected from rain by a light 
roof. The effluent from the underdrains is received into the sump and 
circulates again with the refuse waters for treatment. The sludge is 
automatically discharged from the towers as described above, from the 
first tower at intervals of some three and a half minutes, and from the 
final towers every ten minutes. The quantity at each discharge is about 
1 or 2 gallons, and the sludge contains a very great deal of moisture. 
(See analyses in Table XXXVIIL). Each sludge filter is used, for about 
three days, when it contains some 12 inches of sludge. It takes usually 
about seven days, depending on the weather, for this sludge to dry 
sufficiently to be removed by spade, when it is thrown out on the ground 
alongside, allowed to dry there still further, and finally carted away to 
the cinder tip. The amount thus carted away is approximately 10 tons 
in a month. 

The total area occupied by the plant is 165 square yards, including 
57 square yards taken up by the filters. The refuse dealt with is from 
the scouring and dyeing of pieces. The thicker scouring refuse is not 
treated here but in a separate plant, and some of the washing-off waters 
after scouring are stored in the wash-house and re-used, so that only the 
final washing-off waters are received here. The dyeing processes in use 
are chiefly the dyeing of rags and pieces with ordinary acid dyes and 
direct cotton colours (diamine, etc.), and burl dyeing with extract of 
myrobalans and an iron salt. The quantity of refuse dealt with daily 
varies very greatly according to the trade being done. The maximum is 
stated to be about 50,000 gallons a day. 

Samples were taken over considerable periods on three difl'erent days, 
so as to obtain an average of the refuse waters treated, and of the final 
effluent, and other samples of the final effluent and of the sludge, etc., 
have been taken at various times. Analyses of these are given in 
Tables XXXVII. and XXXVIII. Tests w^ere made with colouring matter 
to ascertain the time taken in the passage of the refuse through the 
apparatus. Fluorescein was poured into the top of the mixing tower and 
after an hour and twenty minutes was found in the effluent. It was still, 
however, present in the effluent after the apparatus had been continuously 
working for ten hours. 

At first the precipitants added were lime, alumino-ferric, and soda, but 
latterly only the two former, 80 lbs. of lime and 56 lbs. of alumino-ferric 
being the maximum amounts used per day. Taking the prices of these 
materials at £1, 2s. 6d. and £2, 17s. 6d. per ton respectively, and the 
amount of refuse treated at 50,000 gallons, the cost of these chemicals 
amounts to just over ^d. per 1000 gallons. 

The only labour necessary to keep the plant working is attention to 
the pumping, the daily addition of the chemicals to the small tanks at 
the top of the main tower, and the removal of the sludge from the sludge 



THE TEXTILE TRADES. 



^i7 



> 

X 
X 

a 






OQ 

» 

Q 

OQ 

Eh 

OQ 
PL4 

QQ 





>> 














a. 


CO 


to 


© 


rH 


04 


terms 


B 


lO 


w 


• 

00 


00 


(N 


« 




o< 


"* 






Eh 












16 


P 


CD 

• • 


• 

© 


© 

• 

Ok 


© 

• 




Oh 




'* 


»rt 


a» 


to 


c*ts 














1 


« 


CM 


o 


o 


rH 


r-4 


« eS 


s 


• 




• 


• 


• 


w 


ta 


00 


c^ 


C) 


Ol 


o 


r-* 


w 


© 


© 


«o 




H 






»-• 


r^ 





Acidity 
(as HaSO^). 



Alkalinity 
(as NagCOj). 



Oxygen absorbed 
from ^- perman- 
ganate in four 
hours at 26 TC. 



•«^ 


207 


nil 


•t-t 

p 


•1^ 


00 

■ 


00 
C4 




00 

oo 


© 

CO 


lO 


© 



U3 



C« 



a 




Organic 
(Kjeldahl). 



Albuminoid 
(Wanklyn). 



Ammoniacal. 



© 



■ 

o 



© 

00 






CD 



o 



r* 


1^ 


rH 


to 


• 


9> 


f-< 

m 


«o 

p 


© 


© 


1-^ 


© 


00 


a 


00 


o 


lA 


CO 


»A 


C^l 


• 


• 


• 


• 


© 


© 


© 


© 


eo 


iH 


o 


Tf 


«o 


OO 


Ol 


«o 


• 


• 


■ 


• 


© 


© 


t-« 


© 





c^ 


Ol 


CO 


00 


<N 


tN. 




• 


(N 


• 

09 


• 


• 


• 


00 


CO 


o» 


©k 


to 


© 


FH 




r-i 


<N 


Q* 


01 


• 


eo 


© 


tt 


00 


© 


to 


^ 


• 


• 

C4 


• 


oo 


• 

CO 




o 


«o 


o 


e« 


00 


<N 


00 


H 


iH 




C4 


Ol 


00 


G^ 



• TJ 


. 


C4 


© 


t^ 


OJ 


00 


Tf 


§1^ 


Ash 


• 


C4 

• 


CO 

■ 


lO 

• 


00 

■ 


• 


•* 


© 

<N 


U3 


<N 




© 
































,2 2C> 

'a "^ >rt 


• 


rH 


© 


«D 


00 


CO 


cc 


3 


Ok 


00 


o 


CO 


rH 


^ 




to 


00 


«o 


t^ 


© 


• 

rH 


H 


(N 


00 


fr) 




CI 







• 


rH 


© 


CO 




00 


CO 


eo 




|3 


• 


«> 


00 

• 




■ 


• 


o» 

• 




00 


© 


rH 




t^ 


eo 


kO 




^.g 


I 


<* 

• 


lO 




CO 


00 


00 










-!-> 

1 


• 


a 
2 


ver- 
ples) 




o 

-a 




to 

o 


1^! 


00 

B 
.2 


■ 





uent (a 
ine sam 




1 


f two ! 


S)0 

a 


2^ g 


a 


V 




1- 

» o 






1 







o 


73 


-iS) 






i «^' 


S-' 


^ 


^ 


^ 
^ 





138 



TRADE WASTE WATERS. 



filters to the tip. This latter work occupies a man with a horse and cart 
for six hours a month. The rest of the labour is estimated to take up 
less than half of one man's time. 

The effluent from this apparatus has been constantly re-used in the 
mill for trade purposes. It is discharged into a large iron tank, where 
water from a well is mixed with it in the proportion of 1 to 4. From this 
tank water is drawn for use in the dyehouse, and the surplus is used for 
condensing and for flushing water-closets. 

The company state that since the erection of Waite's apparatus the 
re-use of the effluent has been a material advantage. During the year 



Tablb XXXVITI. 
SLUDGES TAKEN AT WENSLEYDALE MILLS (WAITE'S APPARATUS). 

(Results expressed in parts per cent. ) 



Sample from 

• 


Moist Sludge 


« 


Dry Solids.* 




Moisture. 


Organic 

and 
Volatile 
Matter. 


Asli. 


Organic 

and 
Volatile 
Matter. 


Ash. 

- 
61-19 


Nitrogen 
(Kiel- 
dahl). 


Fat after 
Acidifi- 
cation. 


Sludge filter 


82*30 


8-64 


9-06 


48-81 


• • • 


14*24 


If ... 


80-51 


12 02 


7-47 


61*67 


38-83 


• • « 


26*63 


1, ... 


93-61 


2*56 


8*93 


39*45 


60-55 


0*83 


• • • 


Towers 


99*32 


0*19 


0*49 


27-94 


72-06 


0-96 


.. • 


8-ft. tower . 


98*21 


0-67 


1*12 


37*35 


62*65 


0-94 


• • • 


7-ft. tower (R) . 


98*57 


0*46 


097 


81*94 


68*06 


0-83 


■ • • 


7-ft. tower (L) . 


98*56 

1 


0*43 


' 1*01 


30*35 69-66 


0-77 


• ■ • 



* The figures are calculated from an analysis of the moist sludge. 

ended 30th June 1908, 1,400,000 gallons of the effluent have been used 
in the dyehouse, instead of which town's water at a cost of 6d. per 
1000 gallons, or X35, would have been necessary, and the dyer finds it 
excellent for his purposes. For condensing purposes also it was formerly 
necessary in times of drought to augment the supply from the stream with 
town's water, and at least 400,000 gallons of the effluent have been used for 
this purpose, resulting in an annual saving of £10. Besides the monetaiy 
gain, it has been found that having the supply from Waiters apparatus 
available has prevented the stoppage of the mill for short periods when 
the water of the stream has failed in times of drought. Four water- 
closets formerly flushed with water from the town's mains are now, more- 
over, flushed with the effluent from Waite's apparatus, and this also means 
a considerable reduction of the water bill. 
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The cost of the plant is giveu by the company as follows : — 



Capital cost of plant : 
Sump well . 
Waite's apparatus 
Sludge filters and roof 
Pump and steam pipes 



Total 



£68 10 

530 

88 

62 










Weekly cost of treatment : 

One man 3 days per week at 25s. 
Chemicals at Jd. per 1000 gallons (180,000 

gallons per week) .... 

Man and horse and cart, 1 1 hours per week 
Steam, say ....... 

(The Engineer says this is over-estimated.) 



£748 10 





£0 12 


6 


7 


6 


1 


6 


5 





£1 6 


6 



Repairs and Renewals : In the four years the plant has been running these 
have amounted to £20, chiefly due to repairs of the engine and 
pump, the latter of which was affected by the acid dyewaters. 

Allowing 10 per cent, for interest and depreciation on the initial cost 
of the plant, the total cost of treatment, exclusive of the cost of the site, 
amounts in this case to 4d. per 1000 gallons. 

This and the following method of purification are to be recommended 
more especially in the case of a smaller dyehouse, where the employment 
of a special manager of the purification works would be too great an 
expense. The attention required is inconsiderable, as it is only necessary 
to see that the pumps are in proper order, that the supply of precipitants 
is kept up, and that the sludge is removed with regularity. 

Machey^s Apparatus, — Another form of plant for the purification of 
dyewaters (see Fig. 22) has been erected for Messrs Brigg k Sons, Dock 
Ing Mill, Batley, by W. McD. Mackey, F.I.C., who has taken out patents 
(Nos. 11,410, 1905, and 1327, 1911) for the apparatus. It somewhat 
resembles Waiters plant, but is quite distinct in its principle. 

The dyewaters dealt with at Dock Ing Mill are from the dyeing of 
pieces, the dyestuffs used being chiefly anilines, acid and neutral, with 
ground myrobalans and an iron salt for the cotton or burl dyeing. Bi- 
chromate of potash and sulphuric acid, and sometimes a patent bleaching 
agent, " hyraldite,'' are also used to discharge colours from some of the 
goods. Town's water is used in the various processes, and the total 
discharge of refuse is estimated at 30,000 gallons a day on an average. 

The refuse is received in a sump on the dyehouse drain, about 20 feet 
by 3 J feet by 3 feet, or some 1300 gallons capacity. This is smaller 
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than it ought to be to cope properly with sudden discharges of several 
cisterns in the dyehouse at once, but the space available is very limited. 
From the sump the refuse is lifted by a ram pump, capable of lifting 
6000 gallons an hour, to an elevated mixing or averaging tank of wood, 
which has a capacity of 10,500 gallons, and is raised on brick piers 20 feet 
in height. The total lift is over 30 feet. 

In a small wooden tank fixed at the head of the averaging tank lime is 
placed, and into this a proportion of the trade liquids is directed, and the 
contents are kept constantly agitated by paddles which are kept in motion 
by means of a small water-wheel driven by the bulk of the refuse. The 
quantity of lime required to precipitate the solids varies very considerably 
from day to day, for the refuse waters are sometimes strongly acid, and 
at other times neutral or even alkaline, but usually about 35 parts per 
100,000 are necessary. The bulk of the refuse is delivered into the tank 
underneath the water level, being first joined by that portion which has 
been passed through the liming chamber. The contents of the tank are 
drawn off from the bottom at the end farthest from the inlet, and no 
attempt is made to retain the suspended solids, the purpose being to obtain 
a thorough mixture of the various kinds of refuse with one another, and 
with the lime which has been added. 

The effluent from the mixing tank is conveyed by a 4-inch pipe to 
the lowest point of a sloping cylindrical tank, which is set underneath at 
an angle of 12" from the ground level. Provision is made for keeping 
the pressure on the liquid in the lower tank at a constant head. This 
tank is 28 feet in length and 7^ feet in diameter and has a capacity of 
7700 gallons. The outlet is at the highest point, which is somewhat 
lower than the bottom of the mixing tank, so that the lower tank is kept 
continually full of the liquid, which is, while the apparatus is at work, 
constantly entering at the bottom, rising gradually, and escaping at the 
top. The idea of the patentee is that the rising liquid leaves behind it any 
suspended solids, which accumulate in the lower part of the tank, so as to 
form an obstacle in which further suspended solids in the incoming liquid 
are entangled and thus aided to deposit. The inlet pipe to the sloping 
tank is moreover directed upwards, and thus gives an eddying motion to 
the liquid, which probably aids materially in the deposition of solids. The 
sludge which accumulates in the lower part of the tank is let off from time 
to time by a sludge outlet, but care is taken to retain a certain amount to 
aid in the process as above described. 

The tank effluent, thus freed from the greater part of its suspended 
solids, is further purified by filtration through coke. It is carried from 
the top of the tank in a 4-inch pipe to the bottom of a cylindrical filter, a 
break being provided to prevent siphonic action. The filter consists of a 
vertical cylinder, 6 J feet in diameter and 12 feet in height, and filled for 
9 feet of its length with pieces of coke of sizes ranging from ^-inch to IJ- 
inch cubes. The bottom IJ feet of the cylinder contains no coke, and 
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into this the tank efHuent is passed, and rises through the coke to escape 
from its upper surface into a compartment 1 J feet in depth, from which 
it is discharged as the final effluent. This is conveyed to the mill dam 
and used, mixed with stream water, for condensing. Any sludge which 
accumulates in the compartment below the coke is drawn off through a 
sludge valve about once a day, and when this is opened the reversal of the 
flow of liquid through the coke helps to wash out any solids which have 
become entangled among the particles. 

The sludges from the tank and from the filter both contain a large 
proportion of water and are discharged to one of three sludge filters, each 
8 feet by 12, formed of engine ashes 2 feet in depth and well underdrained, 
with outlet to the stream. The sludge, which is let off from the tank 
about once a week, even after lying on the sludge filters for a few days, 
still contains over 90 per cent, of water, and is shovelled o\it and allowed 
to lie on the ground to lose further moisture by evaporation. Of this air- 
dried sludge about 12 tons have been produced in four months' working. 

The apparatus is specially designed to take up little space, and only 
occupies 120 square yards. The cost of a complete plant for dealing with 
3000 gallons an hour Mr Mackey estimates at X350, and the proportionate 
cost of a larger plant would, of course, be somewhat less. The working 
cost is not very great. Taking the cost of the lime used as a precipitant 
in the proportion of 35 parts per 100,000, or 25 grains per gallon, with 
lime at J&l, 2s. 6d. a ton, the cost of the lime used is under ^d. per 
1000 gallons, or Is. Id. per day. There are also the cost of pumping, 
a little attention in adding the lime, and the removal of the sludge to be 
provided for, but, excluding the last item, Mr Mackey reckons that the 
plant requires about an hour a day of a man's time. 

This plant at Dock Ing Mill has been constructed to suit the site, and 
a better arrangement might be devised in other circumstances. There 
seems to be no reason in ordinary cases for having the sump and the 
mixing tank separate, and the addition of the precipitant to the liquid 
before the latter is pumped would tend to produce a much better admixture. 
If this were done, the sloping tank could be placed over the collecting and 
mixing chamber, and thus room could be economised. In all cases, how- 
ever, a small overhead tank must be provided to feed the main tank at a 
constant head. 

The effluent from the sludge filters should be returned to the collecting 
chamber to be passed again through the apparatus. In such case the 
sludge filters could be made shallower, for the purity of the filter effluent 
would not matter, and thus the sludge could be dried off much more 
quickly. 

Several series of samples have been taken and analyses made (see 
Tables XXXIX. and XL.). On one occasion some twenty pieces were dealt 
with in the dyehouse. In the case of six pieces the wool and cotton were 
dyed at the same time in a neutral bath, and in the case of the remaining 
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fourteen the wool in the pieces was dyed in an acid bath, and the cotton 
dyed as a separate process, in eight pieces with extract of myrobalans and 
iron. liquor, and in six in an alkaline aniline cotton dye bath. The mixed 
dyewaters were therefore of an acid character, and lime to the extent of 
77 grains per gallon was used to precipitate. 

On another occasion ten pieces were being dyed with direct aniline 
dyes and Glauber salts, and two were subsequently burl dyed ; and four 
pieces were being stripped with acid. The amount of refuse discharged 
that morning was from 10,000 to 15,000 gallons, and 28 grains of lime 
per gallon, approximately, were being added to the dyewaters. 

The final effluent has generally been practically free from suspended 

Table XL. 
SLUDGES TAKEN AT DOCK ING MILL, BATLEY (MACKEY'S APPARATUS). 

{Results exjyrcssed in parts per cent. ) 



Sample of 



Moist Sludge. 



Moisture. 



Sludge from tank 



Air-dried sludge 



Air-dried sludge 



98-65 



91-26 



84 25 



Organic 

and 
Volatile 
Matter. 



0-48 



4-34 



Ash. 



0-87 



4-40 



Dry Solids. 



Organic 

and 
Volatile 
Matter. 



Ash. 



I Nitrogen 
I (KjeT- 
dahl). 



Fat after 
Acidifi- 
cation. 



Lime 
(CaO). 



4-36 11-89 



85-19 



49-65 



64-81 



50-35 



27-67 72-88 



0-91 


1-83 


1-22 



8-77 
2-16 



18-80 



26 00 



* The figures are calculated from an analysis of the moist sludge. 

solids, but still somewhat coloured, with a green or yellow shade. To test 
the time taken by the liquid to pass through the apparatus colouring 
matter was poured into the averaging tank along with the trade refuse 
being treated. The colour was seen in the effluent from this tank in 
twenty minutes ; it appeared in the effluent from the sloping tank after 
another fifty minutes ; and in the filter effluent after another thirty 
minutes : taking, therefore, a hundred minutes to pass through the whole 
apparatus. 

Since this plant was constructed in 1908 Mr Mackey has erected a 
good many more on the same lines, but in these he has left out the coke 
strainer, as experience has shown that its effect is very slight. He has 
also adopted a much improved method of adding the precipitant, somewhat 
similar to that described on p. 133. Most of these new works deal with 
very much larger volumes of refuse, in one case, at Greetland Dyeworks, 
with 300,000 gallons per day, but the plant in such a case is simply a 
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reduplication of several units like that described, except that there is 
only one mixing tank and one apparatus for adding precipitants. 

BelVs Apparatus. — Bell's Patent Filter is another apparatus originally 
devised for the purification of water. It has been brought into use for 
the treatment of dye waters, and erected by Messrs Bell Bros., Calder 
Ironworks, Ravensthorpe, for Messrs Edward Ripley <fe Son, Ltd. (Branch 
of the Bradford Dyers' Association, Ltd.), at Bowling Dyeworks, Bradford 
(see Fig. 23). 

At these works the processes which give rise to polluting liquids are 
piece scouring and dyeing. Only pieces are dyed, and these are practically 
all woollen, or union goods in which the cotton warp has been previously 
dyed. Nearly all the dyes used are soluble acid colours. 

The thicker piece-scouring suds are treated in a seak plant, the effluent 
from which is discharged to the public sewer. The final washing and 
cooling waters from the dyehouso are run into a storage tank, which also 
receives hard well water and purified refuse, and the contents of this tank 
are softened in a separate set of Bell's Filters and pumped up to the general 
reservoir for use in the dyeworks. 

The washiug-ofF waters after piece scouring and the rest of the dye- 
waters, amounting to 600,000 gallons per day, are run into a series of large 
dams, where some settlement takes place. From these dams the refuse 
is pumped into a settling chamber, and through this into four of Bell's 
Filters. The effluent from these is taken into the storage tank above- 
mentioned, to be further purified for re-use, or is discharged either directly 
to the stream or to a large reservoir, from which it is drawn by yarious 
mills to be used as condensing water and returned again, but finally 
overflows to the stream. 

The two sets of filters, for softening the cleaner water and for purifying 
the refuse, are identical in construction, and the only difference in working 
them is in the amount and nature of the chemicals used as precipitants. 

The dams into which the refuse is discharged from the dyeworks are 
three in number, and have a total capacity of about 2,018,000 gallons. 
As these dams are seldom, if ever, cleaned out, practically the only results 
of their use are a mixture of the various discharges and some septic action, 
which must have the effect of somewhat altering the nature of the solids 
present. Owing to this septic action, and the fact that there is sulphuretted 
hydrogen in the well water used, almost all the samples taken, whether of 
crude or treated refuse, show the presence of sulphuretted hydrogen, and 
the gases escaping from the putrefying sludge in the dams can be set 
alight on the surface of the water. 

The refuse is drawn from the dams at the rate of 30,000 gallons per 
hour throughout twenty hours of the day, through a 12-inch suction pipe, 
into which a solution of chemicals is pumped. The precipitants added are 
aluminium sulphate 4'46 parts per 100,000, lime 1-78 parts, and soda 0*67 
parts, and these are previously dissolved in special tanks fitted with 
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FiQ. 23.— Plan of Puriecation Works, Bowling Dyeworks, Bradford. 
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agitators. They become thoroughly mixed with the refuse as it passes 
through the pump. 

From the pumps the refuse passes into a closed cylindrical settling 
chamber of steel, 9 feet in diameter and 16 feet high, with a capacity of 
6500 gallons. The delivery pipe passes inside the settling chamber at a 
point about 3 feet from the bottom, and the outlet from the chamber is at 
the highest point. The delivery pipe is branched, and the branches are 
perforated on the underside, and have plates fixed over them, with the 




-Fio. 24.— Beirs Pressure Tank and Filters. 



object of ensuring an even upward flow over the whole sectional area of 
the chamber. If this were attained the upward velocity would be about 
1 J feet per minute. 

The lower 3 feet of the chamber serve to collect the sludge, and the 
bottom of the chamber is in the form of an inverted cone, ending in a 
sludge valve, and internally there is an arrangement of agitators worked 
by hand. The sludge which collects is discharged every six hours by 
opening the sludge valve and rotating the agitators for about five minutes, 
the pumping being meanwhile continued. This would give an approximate 
discharge of 2500 gallons of liquid sludge. 

As will appear later, there is a resistance to the escape of the effluent 
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from the settling chamber, with the result that the contents are constantly 
under an average pressure of 15 lbs. This, the inventors claim, greatly 
increases the deposition of solid matters in the chamber. 

The effluent from the settling chamber is further purified by filtration 
through Bell's Filters, of which there are four, so that each deals with 
7500 gallons per hour. Each filter is an enclosed cylindrical vessel of 
mild steel about 4^ feet high and 8 feet in diameter, and thus the liquid 
is passing through with a velocity of 4f inches per minute, or at a rate of 
1340 gallons per square yard per hour. The filtering material consists of 
silver sand, nearly 3 feet in depth, on a perforated floor of peculiar con- 
struction. The whole area of the floor is composed of conical strainers 
shaped like the rose of a watering-can. Each rose is 6 inches in diameter 
on its perforated upper surface, is filled with pebbles to prevent the escape 
of the sand, and communicates below w^ith the general outlet of the 
filter (see Fig. 25). 

In working the filter the effluent from the settling chamber is forced 
through the sand from above by the action of the pump, the pressure, like 
that in the settling chamber, averaging about 15 lbs., bvit getting greater 
as the filter gets clogged. 

The cleansing of the filters is brought about by agitation of the sand 
in a strong current of water. Power-driven agitators on a central axis 
are provided in each filter, and these are hollow and perforated so as 
to allow a strong current of water to be passed through them into the' 
midst of the filtering medium. They are also studded with conical 
projections so as to form rakes for stirring up the sand. Each filter is 
cleansed for about five minutes every six hours by reversing the current 
of water and passing the filtered liquid upwards through the sand by the 
aid of the full force of the pump, or at the rate of 30,000 gallons per hour. 
This upward flow is discharged into the sand both through the roses in the 
floor of the filter and through the hollow arms of the agitators. These 
are at the same time set in motion, so that the sand is thoroughly 
scrubbed in a powerful current of water and freed from adhering solid 
matters. This process is continued for about five minutes until the 
discharge becomes clean, and yields therefore from each filter about 2500 
gallons of very liquid sludge. 

The washing water from the cleansing of the filters and the sludge 
from the settling chamber are discharged to settling tanks, of which there 
are two, each 19 feet by 23 feet by i^ feet deep, and one discharge from 
the settling chamber and each of the four filters was found to be sufficient 
to fill both the sludge tanks to a depth of 2^ feet, which would amount 
to some 14,000 gallons. The whole operation of sludging the settling 
chamber and the four filters lasts from twenty minutes to half an hour 
every six hours, and during this time the purification process is at a 
standstill. After the sludge has settled in the tanks, which it does in 
a few hours, the top water is discharged by outlets 18 inches above the 
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dried sufficiently to be carted away. In a week this sludge amounts to 
ten cartloads. 

As has already been stated, the water-softening plant is an exact 
duplicate of that for the treatment of trade refuse, except that there is 
only one set of sludge lagoons for both. It is worked at the same rate, 
30,000 gallons per hour, but owing to. the salts in the well water and the 
greater quantity of precipitants used, the volume of sludge produced is 
two or three times as large, only requiring one week to accumulate to a 
depth of 1^ feet in the sludge tanks. The chemicals used are 20*8 parts 
of lime per 100,000 and 9*1 parts of soda. 

Two series of samples have been taken from both sets of the apparatus, 
and analyses are given in Tables XLI., XLII., and XLIII. The whole of 
the samples retained a bluish colour, although it was very faint in the 
effluents from the water-softening plant. The colour in the purified 
dyewaters could no doubt be to a great extent removed by the use of a 
larger quantity of precipitants, as it is indeed in the effluent from the 
water-softening plant. The settling chamber for the dyewaters is evidently 
not large enough to permit of the settlement of the suspended solids, which 
are of a light flocculent nature. If the chamber were duplicated so as to 
reduce the velocity of the liquid by half, much better results would be 
obtained. 

The chief defect in the works seems, however, to be the want of 
regular cleansing of the preliminary settling dams. The sludge in these' 
putrefies, and, rising to the surface, becomes broken up and drawn into 
the apparatus by the pumps^ while the sulphuretted hydrogen set free 
interferes with the precipitation process and appears as an impurity in the 
final effluent. These dams should be sub-divided, so that any part could 
frequently be put out of use and thoroughly cleansed, and if this were 
done the rest of the apparatus would no doubt be capable of producing 
much better results and of dealing with a larger quantity of refuse. 

The cost of purifying the dyewaters in this instance is difficult to 
ascertain, but the patentees, Messrs Bell Bros., estimate that a plant to 
deal with 100,000 gallons in twelve hours would cost £1000. This would 
cover the pressure settling chamber, the filters, the tanks for precipitants 
with the accompanying pump, and the main pump for lifting the refuse. 
There would have to be added to this the cost of the storage tanks from 
which the dyewaters would be pumped, and the necessary sludge tanks. 
The labour required for such a plant Messrs Bell Bros, estimate at two to 
three hours, and the chemicals at lOd. to Is. 8d. per day, but these figures 
appear to be rather under the mark. 

Watson^s Plant, — At Livingstone Mill, Batley, the Co-operative 
Wholesale Society, Ltd., have constructed works for the purification of 
their liquid trade refuse. Designed by H. B. Watson, Ltd., the works 
were brought into operation in September 1910, and have since been 
in constant operation with uniformly good results. The trade carried on 
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at this mill is the manufacture of tweed and worsted coatings and suitings, 
and the liquid refuse is from the processes of piece scouring and dyeing, 
but the first discharge from the scouring machines is conveyed for the 
recovery of grease to a^eparate set of purification works, leaving only the 
washing-off water to be treated along with the dyewater in the works 



Table XLIII. 

SLUDGES TAKEN AT BOWLING DYEWORKS. 

( Results easpresssd in parts per cent, ) 





Moist Sludge 


^• 


Dry Solids.* 


Sample of 


Moisture. 


Organic 

and 
VolatUe 
Matter. 


Ash. 


Organic 

and 
Volatile 
Matter. 


Ash. 


Nitrogen 

(^el- 
dahl). 


Sludge from refuse treatment : 












From settling chamber . 


9978 


05 


0-17 


21-69 


78*81 


1*177 


From filters .... 


99*65 


0*18 


0*22 


1 
87*86 ; 62*14 


1-684 


From settling chamber . 


99-78 


0*07 


0*20 


26*83 


78*17 


1-866 


From filters .... 


99*66 


0-18 


0*21 


87 17 


62-88 


1*718 


Sludge from water softening : 














From settling chamber . 


96*70 


0*17 


8 18 


5-28 


94*77 


0-107 


From filters .... 


99*87 


0-05 


0-58 


8*56 


91*44 


0*285 


From settling chamber . 


99*76 


0*02 


0-22 


9*10 


90*90 


0*484 


From filters .... 


98*86 


0*07 


1-08 


5*99 


94*01 


0*225 


Sludge from lagoons : 












1 


As discharged from settling 
tanks .... 


89*15 


4*18 


6*72 


88*06 


61*94 


1-46 


After draining off top water . 


72*14 


6*21 


22-65 


18*71 


81*29 0-64 


Being carted away 


66*26 


2*76 


40*99 


6*81 


98-69 0*25 



* The figures are calculated from an analysis of the moist sludge. 

described below. The dyestuffs used for dyeing are synthetic indigo 
(in the bisulphite process) and various other coal-tar dyes, and a little 
extract of myrobalans. In the processes, town's water and well water 
(after being softened) are used in about equal quantities, and the volume 
of refuse liquids dealt with is about 7500 gallons per day, exclusive of the 
thicker piece-scouring refuse. 

The crude liquids are first discharged to an underground receiving tank 
n the mill yard, which is 18 J by 13J feet and 10 feet deep (15,600 
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gallons), and from this they are lifted by a centrifugal pump to the 
purification works. The comparatively large capacity of this tank serves 
the useful purpose of mixing the various waste waters thoroughly, and 
the pump draws from the bottom of the tank, so that there is no appreci- 
able settlement of solids. The pump is belt-driven from convenient 
shafting, and an apparatus is provided in the form of a float which rings 
a bell to warn the engineer when the receiving tank is full. Pumping 
is kept up for six or eight hours each day, so as to make the flow through 
the purification tanks as uniform as possible. 

Lime is used to neutralise and precipitate the refuse and is supplied 
in the form of milk of lime. The lime mixer is a circular tank similar to 
that shown in Fig. 53, in which beaters or paddles, driven from the same 
shafting as the pump, keep the contents stirred. At the bottom a large 
outlet is provided through which from time to time any solids which 
settle from the lime can be removed. The lime is placed in the tank, in 
bulk sufficient for a day's use, in a small cage in which stones and undis- 
solved pieces of lime are retained, and water is run in from a tap. The 
resulting milk of lime is passed into the rising main between the sump 
and the purification works, where it becomes thoroughly mixed with the 
refuse. 

As will be plainly seen from Figs. 26 and 27, the purification works are 
compact and occupy little ground space (9 yards by 9 yards). The liquids 
are first received in a shallow compartment (having a capacity of 332 
gallons) above the tanks proper, and in this the heavier solids are 
deposited. Flowing over a wide sill the liquids pass into the larger of 
two settling tanks, which is 16^ feet by 13 feet and 7 feet deep, and holds 
9400 gallons. Flowing over the submerged wall between the tanks the 
refuse passes into the smaller tank, which holds some 3400 gallons. In 
this tank there is a wooden partition extending to within a short distance 
of the bottom, and the refuse passes under the partition and rises at the 
other side to pass upwards through a straining filter of fine wood shavings 
before escaping by the effluent outlet. 

The floors of the tanks slope to the centre, and sludge valves are fixed 
to enable the precipitated sludge to be drawn ofl^ to the sludge filter, 
which is 25 feet by 9 feet, or 25 square yards in area. The filtering 
medium is 18 inches in depth, and consists of clinker riddled free from 
dust, the coarsest material being laid on the concrete floor, the finer above, 
and on the top a layer of very fine material about ^ inch thick. Some 
sludge is run off from the tanks every day, being forced out by the head 
of water above it. In dry weather it takes three or four days to dry 
sufficiently to be removed from the filter by spade, and after further 
drying on the ground adjoining it is carted away to a tip. 

These works, as has been said, give good results while dealing with the 
comparatively small volume of 7500 gallons per day. They were, however, 
designed to deal with twice this amount, and no doubt are quite capable 



154 TRADE WASTE WATERS. 

of doing so, as the volume at present treated is all passed through in six 
or eight hours each day, the pump only being in action for that period. 
The advantage of having a large sump or receiving tank, equal in this 
case to three days' flow of refuse, has already been pointed out. The 
total capacity of the settling tanks too is comparatively large, being 
nearly equal to two days' flow, and this allows time for the settlement of 
solids. It means, in fact, that the effluent on any one day has been chiefly 
produced from the refuse of the previous day, which, after settling all 
night, is displaced from the tanks by the fresh refuse entering. It is 
somewhat difficult to estimate the maximum amount of refuse with which 
a plant of this size could deal eflectively, but if it were worked continuously 
at the rate at which pumping now proceeds, then 24,000 gallons could be 
purified daily. The difficulty of dealing with liquid sludge such as is here 
produced is very frequently under-estimated, and it would certainly be 
better in this case to have another sludge filter, so that one could be 
resting for cleansing purposes while the other is in u^e. 

The cost of such' a plant is not great. From information given by the 
manager of the mill it appears to be as follows : — 



Capital cost — 




Tanks, filters, pump, pipes, and fittings . 


. £425 


Sump ........ 


40 


Total . 


. £465 


Working cost per week — 


«. d. 


Labour (1 hour per day) .... 


. 2 6 


Lime ........ 


. 2 


Sludge removal 


. 2 6 » 



Total . .70 

Analyses of samples of the crude refuse and of the effluent are given 
in Table XLIV. 

Archhutt'Deeley System. — The Archbutt-Deeley method of water 
softening has also been applied with great success to the purification 
of dyewaters. At the Cheapside Mills of Messrs J. T. and J. Taylor, 
Ltd., Woollen Manufacturers, Batley, a large plant, erected by Messrs 
Mather and Piatt, Ltd., Salford, has been in successful operation for over 
four years, dealing M^ith 400,000 gallons per day. The plant and its 
results were described in a paper read to the Health Congress at Leeds by 
W. Rushby, the firm's chemist (see The Medical Officer , 22nd July 1909, 
p. 117). 

The refuse, which is typical of the Heavy Woollen Trade, amounts to 
400,000 gallons per day, and consists of two portions, of which 30,000 
gallons is from scouring processes, taken after the grease has been extracted 
by treatment with a slight excess of acid ; the great bulk, however, is from 
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piece dyeing. The dyes used are chiefly acid and substantive colours, 
together with tannin, ferric sulphate, and bichromate of soda, so that the 
refuse is always slightly acid, and contains tannin, ferric salts, chromium 
compounds, colouring matter, sodium salts, and organic matter from wool. 
Much is in suspension in the form of dark blue tannate of iron, spent 
myrobalans, and wool fibre (flocks). The water used is derived largely 
from the stream, and is very hard ; a considerable proportion, however, is 
town's water, which is very pure. 

The whole of the refuse has to be lifted 30 feet, and this is done by 
an 8-inch centrifugal pump, which has a capacity of 60,000 gallons per 
hour, and is made of a special gun metal to resist the action of acids. 



Table XLIV. 

SAMPLES TAKEN AT LIVINGSTONE MILL, BATLEY (WATSON'S PLANT). 

{Results expressed in parts per 100,000, ) 



Natonof 
liquid. 



Craderefiue . 
Grade ref om . 
Final effluent . 
Final effluent . 
Final efflaent . 
Final effluent . 



Tdtal 
Solidi. 



86*8 
1621 
101*1 

80*9 
lOS-7 

88*6 



Solidi in 

Saipenslon 

(dried at 

100' C). 



Total. 



81*4 
44*1 
2*8 
0*6 
41 
3*0 



Ash. 



6-1 
16-4 
2*6 
0-6 
1*8 
2*0 



SoUdaln 
Solution 
(dried at 
100" C). 



Total. 



64-4 
118-0 
98*8 
80*8 
09*6 
80-6 



AMtk. 



46*6 
90*8 
78*1 
66*8 
78*0 
68*6 



Nitrogen. 



B 

s 

I 



1*42 
0*77 



iS 



31 



0*99 
0*62 



0*28 
0*50 



0*04 
•10 



1*3 

S-S. 



0-76 
1-26 



0*17 
0*86 



Oxygen ab- 


2.1 

Pa 


sorbed from ^ 

permanganate 

in four nonra 

at26*7*C. 


lotal. 


By 
FUtrate. 


nil 


4*83 


2*63 


11-98 


6*68 


trace 


1-49 


■ • 


trace 


2-00 


• • 


2*2 


0*82 


0*66 


30*2 


1*68 


1-21 


616 



Hardoeu (in termi 
of CaCOi). 



Tempy. 

6*9 

7*6 
19^ 

1*6 
36-8 

9*4 



Total. 


Permt 


16*0 


8*1 


12*0 


4*4 


41*4 


11*8 


26*4 


28*9 


70*3 


88*6 


28-6 


19*1 



The pumped refuse passes through flock recovery apparatus like those 
shown in Figs. 41, 42, and 43, into large iron tanks, six in number, and 
each of about 25,000 gallons capacity, which are filled in turn. 

The only reagent used for precipitation is milk of lime. For 20,000 
gallons, the working capacity of each tank, 36 lbs. of quicklime are 
needed on the average, the cost of which at £1 per ton is about 4d., or 
\d. per 1000 gallons. The lime precipitates fatty matters, neutralises the 
acidity, and also produces by its action on the ferric salts in the refuse 
a hydrated iron oxide which greatly assists in the deposition of organic 
matter. 

The lime-milk is made in two small wooden tanks, each of about 200 
gallons capacity, with a perforated false bottom of iron ; it is carried into 
the channel conveying the refuse, into which it squirts through a per- 
forated pipe. This method of adding the lime saves time, and, what is 
more important, ensures absence of acid in the large iron tanks. As soon 
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The considerations which led to the adoption of the Archbutt-Deeley 
principle in this case were that : 

1. The refuse, which varies in composition every few minutes, is 

averaged in the tank before treatment. 

2. Each tankful can receive separate attention and treatment. 

3. In the event of any mishap, it is confined to one tank, and the 

whole process is not interfered with. 

4. The great simplicity of the apparatus. 

5. The whole process is open and visible. 

6. Square tanks are used, thus economising space. 

7. The w^ater is not lifted much higher than the top of the tanks, 

which are 10 feet deep, while in many plants the lift is 40 feet. 

8. And, most important, the rate of settling of the precipitate is 

remarkably quick. 

9. The working capacity is great in proportion to space occupied and 

cost of plant. 

Samples of the refuse before and after treatment have been analysed 
from time to time, and the results of the analyses are given in Table XLV. 
It will be seen that the purification effected is very satisfactory, the 
reduction in suspended matters and oxygen absorbed being very marked. 

At another mill where a similar plant is in use dealing with 60,000 
gallons per day, the refuse includes wool- washing and piece-scouring refuse 
from which the grease has been recovered by the usual acid treatment, 
the washing-off waters after piece scouring which are considered to contain 
too little grease to be worth recovery, and the waste waters from the 
dyeing of woollen and worsted fancy pieces. The dyewares used are 
mainly alizarines and wood extracts. 

In this case the plant consists of a large receiving tank capable of 
holding rather more than a day's flow, into which the refuse is pumped ; 
two precipitation tanks, each of 14,000 gallons capacity ; and a small tank, 
divided into two compartments for containing the chemical precipitants, 
which has a capacity of 150 gallons. These tanks are all constructed of 
wood. The reagents used are lime and alumino-ferric, about 8 lbs. of 
each being added to the contents of one large tank. The results obtained 
with this plant are shown in Table XLV. The capital cost of the works, 
including pumps, pipes, and fittings, amounted roughly to £1000, so that 
interest and depreciation can be taken at <£100 per annum : the cost of 
the precipitants works out at y\d. per 1000 gallons, or 12'8d. per day: 
labour and steam are reckoned at £50 per annum : and, taking all these 
into consideration, they amount to 2- 2d. per 1000 gallons. In reckon- 
ing this cost the profit on the grease recovery has not been taken 
into account. 

The Archbutt-Deeley plant can be, as is shown by these two examples, 
very successfully used for the purification of dye waters. Its adoption, 
however, is only advisable in dyeworks which are large enough to warrant 
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the employment of a special manager of the purification works, as the 
process is one which needs constant attention. 

Indigo Dyeing, — This branch of dyeing produces refuse which differs 
somewhat from ordinary waste dyewaters and requires rather special 
treatment. Although in other trades it has been pointed out that the 
cost of purification may often be met by the recovery of valuable bye- 
products, there is no such return to be looked for from the treatment of 
ordinary dyewaters ; the most that can be expected is to purify the refuse 
so that the effluent can be used again. The waste waters from an indigo 
dyehouse, however, are an exception to this, and from them it is possible 
to recover a large amount of the indigo. 

Dyeing with indigo is one of the oldest processes of the dyer's art. 
Ages ago it was practised in the E^t, and our own forefathers before the 
Romans visited these shores were in the habit of staining their skins with 
woad, which contains a small proportion of indigo. Indigo is extracted 
from a large variety of tropical plants growing chiefly in India, and during 
recent years it has been chemically produced from coal tar, when it is 
called synthetic indigo to distinguish it from the natural product. It is 
a pigment of the well-known dark blue colour, but in this form it is 
insoluble in water, and it must be converted into indigo white, a substance 
readily soluble, before it can be used for dyeing wool or cotton. The 
indigo white is taken up by the fibre, and on exposure to the air is again 
converted into insoluble indigo blue. 

There aire several methods of producing the indigo white, or reduced 
indigo. In the oldest method, the woad vat process, the indigo is robbed 
of oxygen by means of a fermenting or slightly putrefying mixture of 
vegetable substances. According to Professor Hummel (The Dyeing of 
Textile Fabrics, p. 306), a woad vat of some 1500 gallons is made up 
with : 

lbs. 
Indigo 33 



Woad 

Bran 

Madder . 

And dry slaked lime 



660 

22 
5 to 33 

25 



whilst the Badische Anilin und Soda Fabrik 

give the composition of a vat holding 800 gallons as : 



Synthetic indigo, S. 20 per cent. 

Woad . 

Bran 

Madder . 

Soda 

Lime 



n their handbook on Indigo 



lbs. 

20 to 45 

150 

10 

10 

5 

3 
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A second method, the hydrosulphite or Read Holliday process, brings 
about the same result by more direct chemical action. In this, a vat of 
1000 gallons capacity may contain, according to Dr M. Liebert (Indigo 
M.L,B,, p. 30) :— 

Indigo blue M.L.B., 20 per cent. . .130 lbs. 

Quicklime . . . . . . 12 „ 

Bisulphite, 56° Tw 14 J gallons. 

Zinc dust 20 lbs. 

A third method, the ammonia process, has recently come more into 
use. In this process a vat of 2000 gallons may contain : 

Indigo B.A.S.F., 20 per cent. ... 60 lbs. 

Hydrosulphite B.A.S.F 9 „ 

Strong ammonia liquor .... 9 gallons. 

Glue 8 lbs. 

In all these processes fresh materials are added from time to time 
as the vat contents become exhausted by the dyeing operations. In the 
woad vat the continual addition of the fermentive materials and the 
impurities added with them, or produced during the fermentation, bring 
about a state of matters in which the vat contents, although still contain- 
ing much indigo, are so impure that they can no longer be used for 
dyeing. The liquid portion is then sometimes transferred to a fresh vat, 
but more often run down the drain. The sludge in the bottom of the vat 
is thrown on the waste heap, or sometimes stirred up and discharged with 
the liquid. The analyses in Table XLVI. show the grossly polluting 
character of such discharges. They also show the great waste of indigo 
which takes place. 

The latter methods, especially the ammonia process, are of advantage 
in greatly lessening the waste of indigo and the amount of polluting refuse 
which has to be disposed of by the dyer. These vats can be used for much 
longer periods, and some ammonia vats are said never to be discharged. 

The methods of using these various processes are very much alike. In 
yam and piece dyeing, the goods, which have been previously wetted, are 
immersed in the liquid in the dye vat c^nd are afterwards passed through 
rollers which squeeze out any excess. Exposure to the air then causes the 
oxidation of the reduced indigo and produces the dark blue colour. To 
remove any excess of indigo the pieces are washed, sometimes in water 
alone and sometimes with the addition of fuller's earth, soap, myrobalans 
(myrabs), or acid, but always finally with large quantities of clean water. 

The liquid refuse, therefore, from the process of piece dyeing consists 
of the contents of the vats when they are discharged and of the daily 
discharge of washing waters. The analyses show the composition of 
these liquids. Besides being too polluting to be discharged to a stream, 
they contain large amounts of waste indigo. In a paper read before the 
Yorkshire Section of the Society of Dyers and Colourists on 20th February 
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1902, bj Mr Edward Halliwell, F.I.C., who was then head of the laboratory 
of the West Riding of Yorkshire Rivers Board, detailed analyses were given 
showing that the amount of indigo lost in the washing-off waters was 8 per 
cent, of the total amount used. The figures given in the accompanying 
tables, when compared with those he obtained, would seem to indicate that 
the loss is often much greater. 

In dyeing upspun wool loss of indigo takes place in another way. The 
wool when taken out of the vat carries with it large quantities of loose 
indigo, and although sometimes part of this is washed off in slightly 
acidulated water, usually a large proportion remains entangled in the wool 
during the after-processes of carding, spinning, and weaving. This indigo 
is removed from the cloth in the process of scouring with soap, and when 
the soapy liquids are treated for the recovery of grease the indigo passes 
into the magma and is retained in the cake after the grease has been 
pressed out. In this process, therefore, as well as in piece dyeing, there is 
a great loss of indigo. 

The recovery of this waste indigo should present no insuperable 
difficulty. It has been carried out successfully by several of the cotton 
dyers in Lancashire. Mr R. A. Tatton, M.I.C.E., in a paper read before 
the Institution of Civil Engineers {ProceedingSy 1900, vol. 140), in describ- 
ing the purification works at the dyeworks of Messrs Sydall Bros., Ltd., 
Chadkirk, gives the following description of the recovery process adopted 

there : — 

" The separate recovery of indigo is generally adopted now at works where any 
considerable quantity is used, and is a very remunerative process — the value of 
the products recovered at these works amounting to about £12(K) a year on a 
total consumption of about £4000 worth of the raw material. The indigo is 
recovered from the solid which settles at the bottom of the dye vats, and also 
from the wash water, through which the pieces are passed after being dyed. 
The wash waters are first precipitated in tanks under the floor of the works 
with alumino-ferric and caustic soda, the top water is drawn off by means of a 
valve with a floating arm, and the solids, together with those from the dye vats, 
are pumped up into a tank where they are treated chemically ; this separates the 
pure indjgo, which is used again in the dyehouse.'' 

In one dyehouse in Yorkshire (Glen Dyeworks, Todmorden, Cornholme 
Dyeing Co., Ltd.), where cotton warps are dyed, the recovery of indigo 
from the waste waters has been undertaken by Mr Lishman, and has 
brought about a saving of 20 per cent, in the total amount used. The 
first washing of the dyed warps is accomplished by passing them through 
a vessel containing 2000 to 3000 gallons of water. In this, most of the loose 
indigo is deposited, and the resulting sludge is from time to time dis- 
charged into a sump which also receives any overflow from the vats them- 
selves or their contents when they are discharged as spent. From the 
sump the indigo sludge is pumped into elevated wooden tanks, w^here it is 
reduced and the liquid clarified by settlement, the clear solution of reduced 
indigo being returned to the vats. The ordinary wash waters are passed 
through a special settling tank on their way to the purification works which 
have been provided for the whole of the dyehouse refuse. In this tank 
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the indigo settles, and the resulting sludge, which consists almost entirely 
of indigo washed out of the goods, is passed back into the dye vats. 

There appears to be no reason why equally effective measures should 
not be adopted for the recovery of indigo from the w^aste waters from the 
dyeing of worsteds. From the tables of analyses it will be seen that the 
amounts of indigo present in these waters are practically the same as in 
the case of cotton dyeing (see Table XL VI.). 

The waste indigo from wool dyeing is chiefly found, as has been stated, 
in the pressed magma cake resulting from grease extraction. There it is so 
intermixed with grease that it cannot be easily recovered directly. There 



Table XLVII. 
SAMPLES OF SLUDGES TAKEN FROM INDIGO DYEWORKS. 

{Results expressed in parts per cent.) 



1 
1 




Organic and 
Volatile 
Matters. 


Ash. 


Total Nitrogen 
(KJeldahl). 


Indigo. 
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Sludge. 
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Dry 

Sludge. 
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Moist 

Sludge. 
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Dry 

Sludge. 
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Moist 

Sludge. 
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Dry 

Sludge. 


On 

Moist 

Sludge. 


On 

Dry 

Sludge. 


Sediment in exhausted 
woadvafc . 


76-84 


9-48 


88-28 


16-28 


61-77 


0-88 


1*63 


112 


4-66 


Slpdge cake from mixed 
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After six weeks' air. 
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• • 


• ■ 


• • 
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■ • 


• • 


6-90 


After one week's air- 
drying 


92*42 


3-94 


61-96 


3-64 


48-02 


0-10 


1-82 


10 


1*82 


After three weeks' air- 
drying 


84*40 


7-80 


60-00 


7-80 


60-00 


019 


1-28 


0*24 


1-66 


Taken from sludge 
filter . 


69-16 


• • 


■ • 


• • 


• • 


a . 


• • 


0-26 


0-81 


Pressed cake * from seak 
indigo magma . 


24-40 


72-11 


96*46 


8-48 


4-64 


.. 


• • 


6-23 


8*24 



* Containing grease 87*41 per cent (on dry). 

are, however, numerous works now in operation for the extraction of the 
grease from magma cake by means of a solvent such as benzine or carbon 
bisulphide. It should be quite practicable by vatting the degreased cake 
to dissolve out the indigo and afterwards to recover it by oxidation, as 
was mentioned in the discussion on Mr Halliwell's paper. 

Owing to the present low prices the value of the indigo thus recover- 
able is very much less than it was before the introduction of synthetic 
indigo, but the sums paid annually for indigo are still very large, and if 
20 per cent, can be recovered by simple and inexpensive processes such as 
have been outlined, and at the same time the polluting matters discharged 
to the streams materially reduced, the results should be satisfactory both 
to the manufacturers and the Rivers Authorities. 
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If the indigo is not recovered from the spent contents of the indigo 
vats and the first washings of the djed goods, it passes on to mix with the 
general refuse of the dyeworks, and is then found in the sludge obtained 
bj the settlement of such refuse. This sludge generally- comes not only 
from the after-processes of indigo dyeing, when it may contain fuller's 
earth, myrobalans, etc., but also from dyeing with aniline and other 
colours. In such mixed sludge there is naturally a much smaller pro- 
portion of indigo than is found in that from the exhausted vats and first 
washings, the proportion varying with the nature and extent of the pro- 
cesses, other than indigo dyeing, carried on at the dye works. From the 
analyses given (Table XLVII.) it will be seen that even such mixed sludges 
may contain from 1 to 6 per cent, of indigo, an amount which ought 
certainly not to be wasted. The recovery of the indigo from this mixed 
sludge might not be an economical process, and it would therefore be 
advisable to recover as much as possible from the stronger wash waters 
before their admixture with the refuse from other operations. 

The waste waters from indigo dyeing, when mixed with other dis- 
charges from a dyehouse, are not found to interfere with any of the 
ordinary purification processes. The indigo reaching the purification 
works is always in the insoluble form, and as such settles readily. In 
these cases, however, care should be taken that the settling tanks are 
frequently and completely cleansed in order to prevent their contents 
becoming septic, when the septicised matters would reduce the indigo 
and render it soluble. 

Sulphide Black Dyeing. — Of late years there has been a great develop- 
ment in dyeing cotton and other vegetable fibres with sulphide colours. 
These are coal-tar derivatives and are dissolved in a solution of sodium 
sulphide before application to the materials, so that any waste dye water 
or washing water is necessarily of a highly polluting character and 
greedily absorbent of oxygen. There is little need to discharge the 
contents of the dye vats, as these can be freshened up with additional 
amounts of the dye and with such substances as sodium carbonate, 
common salt, or glucose, which last is sometimes added as a reducing 
agent; when cotton warps are dyed the dye liquor is often circulated 
through the material in patent dyeing machines, and this process, as has 
been previously mentioned, considerably aids in using up the dyestuff in 
the vats ; so that the main discharge consists of the washing waters. The 
first washings can be rendered less polluting by using them for a pre- 
liminary soaking of the goods, or can be reduced in volume by using them 
for making up the dye vats; but in spite of any of these contrivances 
there remains a discharge of polluting waste waters, highly charged with 
sulphides, and liable to give off volumes of sulphuretted hydrogen either 
by ordinary decomposition or when mixed with any acid waters (see 
Table XLVIIL). 

These waste dyewaters are troublesome to purify either by themselves 
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or when mixed with other djehouse refuse, and if discharged to a public 
sewer are extremely likely to cause nuisance in the sewers and to interfere 
materially with the treatment of the sewage. Like the kier liquors of a 
bleach croft, it is better to treat them separately in the first place, and the 
following description of works for the purpose, constructed by W. McD. 
^ Mackey, F.I.C., at a dyehouse in Bradford, where the refuse waters are 
afterwards discharged into the public sewer, may serve as an example of 
the kind of treatment likely to be effective. 

In this case cotton warps are dyed in a machine where the dye^aters 
are circulated through the material under a pressure of 40 lbs. to the 



Table XLVIII. 

SULPHIDE DTE REFUSE. 

{ReaulU expresaid in parts per 100,000,) 



Nature of 
Sample. 


ToUl 
Solids. 


From Mackey'8 
Plant. 




Crude refuse 
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Precipitated and 
settled refnie . 
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69*26 
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110*66 
84-40 



nitrate. 
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91-60 
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82*70 
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20-1 
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of CaCOs)- 



Total. I Permt ' Tempy. 

I 
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8*6 
1*1 

98*8 
68*0 

18-8 
18*8 



2*6 
1-0 

49*8 
16-9 

8*8 
18*0 



1*0 
0*1 

44-0 
86*1 

10-6 
6*8 



21*7 



47*1 

17*8 
16-6 



square inch. When the dyeing is completed, water is forced through 
the goods, and the first portion of the washings is returned to the dye- 
liquor tank, while the bulk is discharged as refuse. The waste water 
passes into a sump, which is large enough to hold a day's flow of 10,000 
gallons, and is pumped into a settling tank of 6000 gallons capacity. 
When the tank is full, about 20 lbs. of lime and 1 cwt. of copperas are 
added, and the contents of the tank are agitated by means of air blown 
in with a steam injector, and then left to settle for several hours. After 
settlement, the clear top water is discharged through a floating valve to 
the sewer. 

The sludge is let off by a bottom valve to one of four sludge filters, 
each of which is in the form of a box 11 feet by 5 feet in area and 2i^ feet 
deep. The sides are made of wood and the bottom of expanded metal 
covered with cocoanut matting, on which is laid about an inch of engine 
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the aerating tower a block of alumino-ferric is placed as a precipitant, 
and the liquid is passed through a series of four settling tanks, the lower 
portions of which are in the form of inverted pyramids. Baffle boards are 
provided to direct the current of liquid downwards, and the overflow from 
one tank to the next takes place over a sill extending over the whole 
width of the tank so as to reduce the velocity of the current. At the 
outlet of the final tank the liquid has to pass through a filter of fine wood 
shavings. The tanks are so arranged that the sludge which collects in 
the pyramidal bottoms can be removed under the hydraulic head of the 
supernatant water without throwing the tanks out of use. The sludge 
thus removed is very liquid and is discharged on to sludge beds where the 
water separates, being partly removed by underdrains and partly allowed 
to escape by swivel pipes, and is returned to the sump to be mixed with 
the crude refuse. The sludge pipes in the settling Jbanks are brought up 
with open ends to the top of the tank, so that they can be rodded if they 
become blocked. 

The analyses given in Table XL VI II. show the result of this treatment, 
and it will be seen that although the removal of suspended solids has 
been very complete and there has been a marked reduction in the oxygen- 
absorbed figure, the amount of sulphuretted hydrogen in the effluent is 
practically the same as in the crude refuse. 

Summary. — In reviewing the various methods herein described for the 
purification of dyewaters, it will be noticed that the dyer can usually look 
for no profit from the treatment of his waste waters ; but although this is 
true on the whole, there are many ways in which the necessity for treatment 
has led to economies which have at least partially repaid him. Mention has 
already been made of the changes in the methods of dyeing, which have at 
least to some extent been brought about by the necessity of purifying the 
dyewaters ; of the modem dyeing machines, which require much smaller 
volumes of dye liquor and are more efiective in exhausting the colours 
than the older vats ; of the screens by means of which much valuable fibre 
is recovered ; of the recovery of indigo in indigo dyeing, and, finally, of the 
recovery and re-use of the washing waters. It is in this last direction that 
the greatest economy is likely to be efiected. In every case where the 
water supply of a dyehouse is limited, and especially where water has to 
be purchased, it would manifestly be to the dyer's advantage to separate 
the cleaner washing waters from the rest of his wastes and to purify them, 
as is done at Bowling Dyeworks (p. 144) and in Waiters plant (p. 136), so 
as to make them again fit for use in the dyehouse, leaving only the dirtier 
waters to be treated as refuse. 

One problem in dealing with dyewaters is the removal of dissolved 
colouring matters, but, generally speaking, it will be found that precipita- 
tion by the reagents mentioned, especially lime, will be effective in removing 
colour as well as in causing the deposit of solids. The dyer is to a certain 
extent protected with regard to the discharge of coloured effluents by the 
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definition in the Rivers Pollution Prevention Act, 1876, Section 20, wbich 
says: ". . . * Polluting ' shall not include innocuous discolouration . . . ," 
and which is also repeated in other Acts ; but obviously a discolouration 
which may be innocuous under certain conditions may be very objection- 
able in other cases. In practice it is generally found that if all the 
suspended matters are removed from dye water, and the effluent is dis- 
charged into a running stream of considerable volume, the colour soon 
disappears ; but this is not always the case, for there are certain colouring 
matters, such as geranium red, used by paper makers, and certain greens, 
used in the woollen trade, which are extremely persistent, and will stain a 
stream for miles. Even such persistent colours can be removed by proper 
treatment ; for example, Mr E. Halliwell, F.I.C., has found that although 
a geranium-red colour persists after precipitation of the waste waters with 
alumino-ferric, because the colour lake formed with the alumina is soluble 
in the sulphate present, it can be removed by using aluminium chloride, 
inasmuch as the colour lake is not soluble in chlorides. 

Printing. — The trade refuse from print works (see Table XLIX.) is 
usually very similar to waste dye waters. The colouring matter used is for 
the most part, however, applied to the goods by means of stamps or rollers, 
and for this purpose it must be thickened with such materials as starch, gum, 
albumen, or china clay, and as the process depends for its success upon 
all the apparatus and machinery being kept thoroughly clean, there is a 
considerable amount of waste water resulting from the washing of tubs, 
rollers, and " backing cloths," which carries some of the thickening agent 
with it as well as colouring matter. The goods are also often passed 
through baths of mordanting liquors consisting of solutions of salts of 
chrome, iron, alumina, etc., and these are from time to time discharged. 
There are other waste waters from such processes as cleansing by 
soaping, eliminating the starch used for thickening with malt extract, 
bleaching by chlorine, treating with decoction of cow dung to cleanse 
the white part of the goods, and the frequent washing of the goods 
thus treated. At most calico printing works, moreover, the cotton 
goods are bleached before being printed, and the strongly alkaline 
"boilings," as well as all the other bleach-croft wastes, are discharged 
with the general refuse. 

Apart from the presence of the kier liquor from the bleach croft at 
calico print works, which it has already been suggested should be dealt 
with separately, the chief point of difference between the discharge from 
printing and the waste water from a dyehouse is that the former is liable 
.to contain organic matters, such as starch, gum, albumen, cow dung, and 
malt extract, and these render this liquid more difficult to purify by 
chemical precipitation, and more amenable to biological methods of 
purification. 

It is found in practice that the provision of catchpits on the drains 
from the different departments, and the frequent removal of the solids 
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retained in them, render the mired refuse much easier to purify and 
suitable for the application of any of the methods usually adopted for 
purifying dyewaters. 

Stiffening and Loading. — In the finishing of cotton goods there are 
various processes for the application of stiffening materials, such as starch, 
size, and mucilage ; the goods are often loaded with such substances as 
china clay and insoluble salts of lime and baryta ; in rendering the goods 
waterproof and non-inflammable various reagents are added, such as salts 
of alumina, magnesia, and lead for the former purpose, and ammonium 
phosphate and sodium tungstate for the latter purpose ; but as all these 
substances have a considerable value, and as there is no after-washing of 
the goods, the only polluting discharges from the processes come from the 
washing of the various utensils. These are small in amount, and when 
occurring in connection with bleach, dye, or print works have little effect 
upon the general discharges, and can be treated along with them. Where 
they occur separately they can easily be disposed of by evaporating them 
on the furnace ashes. 

In a few of the mills where heavy woollens are manufactured some of 
the pieces are stiffened by passing them through a strong starch liquor, 
the excess of which is afterwards washed off in a '* dolly" or washing 
machine. This waste starch liquor (see Table XLIX.), if mixed with soapy 
scouring refuse, renders the separation of the grease by the ordinary acid 
method of recovery exceedingly difficult. The starchy liquid in such a 
case should be dealt with separately, and it can be purified by precipitation 
with alumino-ferric, settlement, and filtration. 

Carbonising and Stripping. — In raw wool there are numerous particles 
of vegetable material, in the shape of seeds, burrs, and small particles of 
grass, which have become entangled in the wool while still on the 
sheep's back. In shoddy, which is woollen flbre which has previously 
been manufactured, there are frequently considerable amounts, averaging 
20 per cent, of its weight, of cotton fibre, and in both these cases the 
vegetable matter must be extracted by a preliminary process, as otherwise 
it would appear as specks or blemishes in the finished goods. This process 
is known as extracting or carbonising, and is essentially a conversion of 
the cellulose of the vegetable matters, by the aid of acid and heat^ into a 
hydrocellulose, which, when thoroughly dried, is brittle, and can easily be 
shaken or beaten out of the woollen fibres. When sulphuric acid is used, 
the wool or shoddy is thoroughly soaked in dilute acid of some 1*03 specific 
gravity, dried, and passed through a hot-air chamber, the temperature in 
which is some 80** C. When hydrochloric acid is the carbonising agent 
the material is exposed to its fumes at a similar temperature, about 20 
gallons of spirits of salt being necessary for carbonising a ton of rags. 
The escaping acid fumes are condensed in a scrubber or water tower. 
When the wool or shoddy is removed from the carbonising chamber it is 
willeyed or shaken in a special machine to break up and sieve out the now 
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brittle vegetable matters. Finally, the acid remaining in the materials 
must be got rid of, and this is done by repeated washing or steeping in 
water, to which in some cases soda is added to neutralise the acid. In 
all cases, however, clean water is used for the final washing. 

When shoddy is made from coloured rags the colour often requires to 
be extracted, especially when the shoddy is to be made into light coloured 
materials. This is usually effected by "stripping" the colours with 
sulphuric acid, sometimes aided by an oxidising or reducing agent. The 
rags are boiled in an acid solution, containing some 15 to 25 per cent, of 
acid when an oxidising agent is used, and some 1 to 2 per cent, with a 
reducing agent, and this is afterwards run off and replaced by a weak 
solution of soda to neutralise the residual acid. The residual soda is then 
washed out by clean water. 

The discharges, therefore, from carbonising and stripping are very 
similar in character, consisting of the acid liquids, the alkaline neutralising 
liquids, and the washing or steeping waters, all of which carry with them 
in suspension and solution some polluting matters which have been 
extracted from the materials treated. Analyses of these liquids are given 
in Table XLIX. 

The purification of such liquids is quite simple. If they are mixed 
together, neutralised, and effectively settled, the resulting effluent may 
generally be discharged to a stream, or may be used in the boilers of the 
mill. In some cases the effluent produced by treatment of this kind is 
re-used in the processes, but in such cases the manufacturer generally 
prefers to use clean water for the final washing of his materials, and this 
when discharged can scarcely be considered polluting. 

Mercerising. — This is a process in which cotton goods are treated under 
tension with a strong solution of caustic soda in order to give them a per- 
manent silky lustre. Occasionally the soda liquors are discharged after 
use, but there is no excuse for allowing them to escape into a stream, as 
the recovery of the soda is very profitable. The liquors are generally 
concentrated by evaporation and causticised as described on p. 88, when 
they are again fit for use. 

For Bibliography see end of Chapter IX, 



CHAPTER IX. 

THE TEXTILE TRADES— continued. 

Piece and yam scouring — Milling and fulline — Treatment of refuse — Grease recoreiy 
very profitable — Purification works at Rovdey Mills — Hopton Mills— Flannel manu- 
facture—Blanket scouring— Peel House Mill and Providence Mill — Summary — 
Bibliography. 

Piece and Yam Scouring. — In the preparation of raw wool, and especi- 
ally of shoddy, for spinning, considerable quantities of oil or grease 
must be used, varying greatly according to the nature of the raw material, 
being, in the case of wool to be spun into worsted yam, only from 2 to 3 
per cent., while, in shorter-stapled wool, and more especially in shoddy 
mixtures which are being made into lower-class woollen goods, the grease 
added may be as much as 25 per cent, of the weight of the material. All 
this grease, with any dirt which may have been taken up in the processes 
of manufacture, must be removed from the yarn or piece, and although 
the machinery employed for dealing with different classes of goods varies 
slightly, the process is practically the same in all cases, consisting 
essentially of washing with soap, soda ash, or ammonia, or sometimes with 
fuller's earth. 

In the Report of the Royal Commission of 1868 (Third Report, p. 20) 
frequent mention is made of stale urine, pig's blood, and pig's dung being 
used as detergents, and at that time also human faeces were used in some 
mills, but the value of these was chiefly due to the carbonate of ammonia 
they contained, and they have been almost universally displaced by soda 
ash (carbonate of soda) and soap. There are still, however, a few old- 
fashioned mills, especially in the blanket trade, where pig's dung and stale 
urine are used. 

It will be simplest first to describe the processes where soap and soda 
are employed as detergents. Just as the amount of oil present in the 
goods varies according to the nature of the material, so does the strength 
of the seak, or soapy solution, used for removing the oil. For example, in 
scouring worsted yarns it was found in one case that 6 lbs. of soap were 
used to scour 100 lbs. of yarn, and in this case no alkali was being used. 
At another mill, where light worsted goods were being scoured, 6 lbs. of 
soda ash and 2 lbs. of soap dissolved in 26 gallons of water were used for 

scouring 100 lbs. of the goods, and this was followed by a second washing in 
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which soap alone was used to the amount of 4 lbs. dissolved in 20 gallons 
of water. Woollen pieces, especially those which are principally made of 
shoddy, contain, as has been said, very much larger amounts of grease than 
yams or worsteds, and the scouring process is therefore a more severe one. 
In some cases, indeed, only soda is used in making up the scouring liquid, 
when 7 lbs. of soda ash dissolved in 30 or 40 gallons of water may be 
necessary for scouring 100 lbs. of the goods. It has been found that, 
generally speaking, three pieces, each about 80 yards in length, are 
scoured together, and that 2000 gallons of water are used in the whole 
process, but this amount naturally varies according to the water supply 
available. 

As has been stated, the scouring operation is practically the same in 
every case. The goods are placed in a ** dolly " or washing machine, 
provided with machinery for keeping them constantly in motion, and 
passing them alternately through the seak prepared as above, and between 
wooden rollers, which serve to press the seak into the goods and mix it 
thoroughly with the contained grease. When this part of the operation 
has continued for some half hour or more, water is turned on and sprayed 
over the goods as they revolve in the dolly, the outlet of the dolly is 
opened, and the soapy water allowed to escape, and this '^washing-off is 
kept up for an hour or more, until the escaping water shows no signs of 
soap or grease. 

Owing to the differences in the goods scoured and in the detergents 
used, the waste liquids vary greatly in strength, although all are practi- 
cally of the same nature. The discharges from any one of the processes 
vary also according to the stage of the washing at which the sample is 
taken. The first discharge is that of the seak or scouring mixture, with 
much of the dirt and oil extracted from the goods, and this and the first 
washing waters are so soapy that in most cases the grease is recovered 
from them as a valuable bye-product. This greasy water may roughly be 
estimated at a third of the total discharge ; as the washing proceeds, the 
escaping waters, although less greasy, are still highly polluting, and these 
may be reckoned as constituting another third of the total ; the remaining 
third consists of cleaner waters which contain very little grease, and may, 
in some cases, be discharged to a stream without detriment. 

Either before or after the pieces have been cleansed by scouring they 
have to be "milled" or "fulled," a process of felting in which they 
are submitted to a violent pressing, kneading, or beating in the milling 
machine or fulling stocks, being first saturated with a strong solution of 
soap, to which carbonate of soda or fuller's earth is sometimes added. 
When this milling is done before the pieces are scoured, the grease and 
soap are all removed in the scouring operation, but when the goods have 
been scoured before being milled, the soap, soda, or fuller's earth intro- 
duced in the milling must be washed out, and this produces refuse very 
similar to that from piece scouring, although not so polluting. 
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In certain cases, particularly for the final cleansing of high-class 
worsted goods previous to dyeing, ammonia is used as a detergent, but 
this is always done in the dyehouse, and the resulting liquids are only 
slightly polluting, and can easily be dealt with along with the dyewaters. 

In the scouring of carpet yarns fuller's earth is generally used, and 
the refuse waters cannot be profitably treated for the recovery of the 
grease. The refuse produced is very similar to that from the scouring of 
blankets with fuller's earth, and can be purified by the method described 
on p. 196. 

All the above-mentioned soapy liquids are grey and turbid, with a 
frothy scum, and deposit considerable amounts of solid matter on standing : 
they soon putrefy, when they turn black and give off offensive smells : 
they are invariably strongly alkaline in reaction, and if discharged into a 
stream, they are liable to produce fungoid growths in its bed. 

The purification of these liquids is not a difficult matter. The first 
consideration is whether an attempt is to be made to recover the grease 
which they contain, and in that case the acid recovery process already 
described in connection with wool suds is almost invariably adopted. The 
effluent produced by this acid treatment is, however, very much less 
polluting than that obtained from wool suds, inasmuch as it does not 
contain any of the organic matters naturally present in raw wool; nor 
does it require to be as strongly acid as the wool-washing effluent, for the 
grease in piece-scouring suds is much more readily separated. If effectively 
neutralised and filtered, it is generally fit to discharge to a stream. 

An excellent plant on this system has been constructed at Rowley Mills, 
Lepton, by Messrs. Thos. Waite k Co., 3 Hillside Road Works, Bradford, 
for the occupiers, Messrs G. Beaumont k Sons (see Fig. 31). This firm 
carries on the business of "finishing" woollen and worsted goods, and 
the process from which liquid refuse is produced is piece scouring. 

The goods or pieces are first scoured in a washing machine with soda 
ash (carbonate of soda) and soap substitute (a patent alkaline preparation). 
After this scouring process the pieces are milled with the aid of a solution 
of soap, and this soap is afterwards washed out in the scouring machines. 
The amount of grease and soap in the refuse is comparatively small in 
this case, the goods which are scoured being mostly of light texture and 
containing little grease. 

The whole of the waste waters from the scouring machines, amounting 
to some 20,000 gallons a day, are conveyed to a sump of 4500 gallons 
capacity, from which they are pumped into seak tanks for the recovery 
of the grease. There are three seak tanks, constructed of wood, with a 
capacity of some 10,000 gallons each. They are fitted with small pipes 
through which air and steam are blown by an injector in order to 
thoroughly agitate and mix the contents of the tanks. When a tank has 
been filled with suds, vitriol is added to the amount of some 10 or 11 
gallons, and the tank contents are then thoroughly stirred up by means of 
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injected air for seven or eight minutes. The man in charge then takes a 
sample of the mixture in a glass vessel in order to ascertain whether the 
suds are thoroughly "cracked." If not, he' adds a little more acid. If 
too much acid appears to have been already added, he can add a little 
more of the suds, and a man who is accustomed to this kind of work can 
effectively separate the grease in the refuse without adding much excess 

of acid. 

After this ** cracking," the refuse is allowed to stand in the tanks for 
some three hours or more until the grease is thoroughly separated from 
the acid water. The latter is then run off through an outlet about a foot 
from the bottom of the tank, to be further purified. 

The magma or greasy sludge remaining in the tank is run off by a 
bottom outlet to one or other of four magma filters. The magma, 
however, is only run off after the tank has been twice tilled and the 
contents " cracked," so that each discharge of magma comes from about a 
day's discharge of the refuse waters, or 20,000 gallons. 

The acid water from the seak tanks is delivered into a wooden neutral- 
ising tank of 3500 gallons capacity, and from this is syphoned into another 
similar tank. The neutralising agent used is milk of lime, which is pre- 
pared in a special mixing tank of 440 gallons capacity, and is delivered 
into the channel which conveys the acid water into the neutralising tanks. 
The quantity reckoned to be sufficient for neutralising the acid water of 
one of the seak tanks (10,000 gallons) is about 30 lbs. of quick-lime. 
This amoimt is added to a tank full of water (440 gallons) and kept 
agitated by a mechanical stirrer, worked from a shaft in the mill, and is 
gradually discharged at the same time as one of the seak tanks. The 
lime water is thus thoroughly mixed with the acid water in passing 
through the two neutralising tanks, and any resulting deposit settles in 

these tanks. 

The neutralised liquid passes out of the tanks by a syphon pipe with 
outlet about 2 feet from the bottom of the second tank, and is conveyed 
by a w^ooden trough to a percolating filter 30 feet in diameter, composed 
of broken stone and ashes about 4 feet deep, and varying in size from 
2 inches at the bottom to ^ inch at the top, the effluent from the filter 
being discharged to the stream. 

The distribution of the neutralised liquid on the filter is effected by a 
patent sprinkler. The liquid is discharged upon a small overshot water- 
wheel 3 feet in diameter and then distributed by a revolving tubular 
sprinkler of the common type. The water-wheel drives a shaft with a 
cog-wheel arrangement, by means of which the revolution of the sprinkler 

is aided. 

When the neutralising tanks are being cleansed most of the liquid 
contents are run off to the sprinkler filter, the remainder, including the 
sludge, being discharged on to a small ash filter 9 feet by 6 feet, but this 
has been found to be much too small, and the liquid escapes from it by an 
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overflow to the stream. With care in letting oflF the acid water from the 
seak tanks, the amount of sludge which collects in the neutralising tanks 
is only very small. 

Each of the magma filters is 13 feet by 8} feet, and composed of 
furnace cinders 2 feet in depth, with a covering of bricks set with inter- 
vening spaces about half an inch in width. The water which drains away 
from the magma is received into a pump well from which it is intended 
to be pumped back to the seak tanks. The magma, after draining, is 
shovelled into pieces of sacking and made into " puddings '' in the usual 
way. These puddings average 12 lbs. in weight each, including the 
sacking, which weighs 2 lbs., and from each discharge of niagma, repre- 



Tablb LI. 
SLUDGES TAKEN AT ROWLEY MILLS, LEPTON (G. BEAUMONT & SONS). 

(Results expressed in parts per cent. ) 



Sample of 


Moist Sludge. 


♦ Dry Solids. 


Moisture. 


Organic 

and 
Volatile 
Matter. 


Ash. 

1-20 
13-02 


Organic 

and 
Volatile 
Matter. 


Ash. 

3-80 
43-00 


Nitrogen 
(KjeT- 
dahl). 


Total 

Fatty 

Matter. 


Magma 

Sludge from neutral- 
ising tank 


64-60 
69-75 


34 '30 
17-23 


96-70 
57 00 


3-14 
0-69 


78-60 
40 00 



* The figures are calculated from an analysis of the moist sludge. 

sen ting, as has been shown, the daily amount of 20,000 gallons of refuse, 
some sixty magma puddings are usually made. 

Messrs Beaumont have made an arrangement with a firm of grease 
extractors who provide the vitriol required in the process of " cracking," 
and take all the magma made, paying for it at the rate of 15s. per ton 
net, t.e. deducting the weight of the sacking. 

Messrs Beaumont state that the total cost of the plant here described, 
including the alteration of drains inside the mill, was £600. The labour 
required is that of one man at 23s. per week, or £59, 16s. per annum, 
and the cost of the lime used as a precipitant amounts to £9 per annum. 
As against this they receive about £52 a year for the grease. On these 
figures, allowing 10 per cent, on capital for depreciation and interest, and 
£5 per annum for the cost of steam used, but excluding the cost of the 
site, the net annual cost amounts to £82, or 3Jd. per 1000 gallons treated. 

A plan and section of the purification works are given in Fig. 31, and 
in Tables L. and LI. analyses of the refuse at various stages of the 



THE TEXTILE TRADES. 



179 



purification. On comparing the organic nitrogen and oxygen-absorbed 
figures in the effluent from the neutralising tank and the final effluent, 
it is evident that a large amount of purification has been brought about 
bj biological action in the percolating filter. 

In the heavy woollen trade, in which, as has been explained, much 
larger quantities of oil are used, the process of grease recovery is much 
more profitable. One firm in the Batley trade, making army, railway, and 
police cloths, which weigh 30 to 40 ounces per yard, has kindly furnished 
the following particulars. During a year's working 4000 pieces were 
manufactured, each 80 yards in length, in scouring which 1000 gallons of 
water were used per piece. The oil used in manufacturing these goods 
amounted to 59 tons 10 cwts. recovered in the seak plant and re-used, 
valued at £535, 15s., together with 16 tons 16 cwts. freshly purchased, 
valued at £261, 2s. 6d. The soap used cost £13, 15s. 4d., and amounted 
to 14 cwts., of which half, or 7 cwts., may be reckoned as oil, making a 
total of 76 tons 13 cwts. in all. Forty tons of soda ash were used for 
scouring, and cost £184, 7s. lOd. 

The piece-scouring waters are all passed through a screening apparatus 
of the kind shown in Fig. 41 (p. 241), and pumped to a grease-recovery 
plant, very similar to that at Rowley Mills (p. 175), in which the grease 
is recovered by the aid of sulphuric acid, and the resulting effluent is 
neutralised by lime and strained through a cinder filter. 

The shoddy or greasy waste from the scribbling and carding machines 
is, in this mill, mixed with the magma and pressed for the recovery of 
the oil, and thus the amounts of oil recovered and of press cake are 
increased. 



The screening and seak plant, including pumps 
presses, and filters, cost 

The lime used in a year 

Labour (one man at 30s. per week) 

Vitriol 

Steam and town's water (for the hydraulic 
press) ...... 

Cloths for the magma puddings 

Annual working cost . 

The oil recovered was 59 tons 10 cwts. 

valued at 

The flocks recovered were 397 stones 
49 tons of pressed cake were sold for 



£563 

£12 

80 

42 8 

50 

1 11 

£175 1 



£535 15 

8 5 

22 8 



Gross annual return 



. £566 8 
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The profit and loss account may therefore be set out as follows :- 

Gross annual return £566 8 

10 per cent, for interest and 

depreciation on £563 £56 6 

Working costs 175 1 



Annual charges . . 231 7 



Annual profit . £335 1 

It will be seen that of the oil used in the processes of manufacture 
some 77 per cent, is recovered and used over again, and similar figures 
have been obtained at another mill in the same kind of trade. 

At a mill in the Huddersfield trade good works for the extraction of 
grease from the liquid refuse produced in the process of scouring fancy 
woollens and worsteds have been erected by the Longwood Engineering 
Co., Ltd. 

Only the thicker suds are treated, as the District Ck)uncil are preparing 
a sewage scheme which will deal with the other waste waters from the 
mill. The suds are passed through large sieve boxes in connection with 
the washing machines, and afterwards through a patent flock catcher like 
that shown in Fig. 41 (p. 241), into a pump well or sump, the quantity 
treated averaging 11,000 gallons per day. From the sump the refuse is 
pumped to four wooden seak tanks of an average capacity of 3500 
gallons. Each tank is fitted with an arrangement of paddles on a central 
spindle, mechanically driven, and also with a half-inch steam pipe. 

A tank is filled with the suds, the necessary quantity of vitriol (about 
1 1 gallons) added, the mechanical stirrer set in motion for about fifteen 
minutes, steam blown into the liquid for about ten minutes, and the tank 
contents allowed to settle for about two hours. At the end of this time 
the grease or magma has risen to the top of the liquid, and the clear acid 
water is run off from the tank by a bottom valve protected by a sleeve 
pipe, as described on p. 116. The tank is again filled with suds and the 
operation repeated, after which the sludge or magma is discharged to a 
magma filter, of which there are four. There it is allowed to drain until 
most of the acid water has been got rid of, when it is made into 
" puddings " by folding it up in pieces of sacking, each parcel weighing 
about 14 lbs. The puddings are pressed in a steam-heated press, working 
up to a pressure of 400 lbs. to the square inch ; here the grease and water 
are pressed out, leaving the solids behind in the form of a magma cake, 
which is stored and sold. 

The firm took very careful observations over a definite period, during 
which 6512 pieces were scoured, two-thirds woollen and one-third worsted. 
The average weight of the pieces before scouring was 90 lbs., while the 
average weight of the finished goods was only 78 lbs., showing a loss of 
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12 lbs. per piece. Ten thousand pounds of flock or fibre were recovered. 
The amount of oil used in the manufacture of the goods was 18 tons, and 
39 tons of soap were used for scouring, of which half may be reckoned as 
oil, or a total of 37^ tons of oil. Forty-six tons of shoddy or waste fibre 
from the carding process were sold, containing 30 per cent, of oil, or 13f 
tons, and 17^ tons of oil were recovered from the suds, or together 31^ 
tons, or 83 per cent, of that originally present. The remaining 17 per 
cent, was lost in the washing-off waters and in the magma cake. 

The profit and loss account on the grease recovery is stated as 
follows : — 

Interest and depreciation at 7| per cent, per 

annum on cost of building . . £6 13 
Interest and depreciation at 10 per cent, per 

annum on cost of plant . . 26110 

Wages 34 10 

Vitriol, sacking, etc 47 

Steam 8 10 

Total . 

17^ tons oil recovered, at £S per ton 
10 tons magma cake, at 6s. per ton 

Total . 

Credit balance for the period in which 6512 
pieces were scoured 

Tables LII. and LIII. show analyses of the various liquids and sludges, 
and from the acidity of the final effluent it is evident that a considerable 
quantity of acid was being wasted. 

In the plant last described, although the works are very effective for 
the recovery of grease, they are not designed to produce an effluent fit to 
discharge into a stream. This, however, can easily be accomplished by 
treating the acid water from the grease-recovery process along with the 
alkaline washing-off waters, when the two discharges neutralise one 
another, and the fatty matters they may contain are precipitated and 
can easily be removed by sedimentation and filtration. This is the plan 
adopted at Hopton Mills, Mirfield, where a plant for the purification of 
the waste waters has been erected for Messrs H. Wheatley & Sons by 
Messrs Kirk & Sons, Architects, Dewsbury. The plant has been at work 
for nearly six years and constantly giving excellent results. 

The manufacture carried on at the mill is that of imitation sealskins 
and woollen and union piece goods, rugs, blankets, and yarns, and the 
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processes from which the trade refuse is produced are piece and yarn 
scouring, and dyeing. Only yam is dyed, ground logwood and bichromate 
of potash being used in the process, and the dyeing is only occasionally 
done. The spent logwood is recovered from the dye liquors in a catchpit 
fitted with a screen, and thus from the dyehouse only the screened dye 
liquors have to be dealt with in the purification works. 

The thicker piece- and yarn-scouring refuse is conveyed to seak tanks 
for the recovery of the grease. A considerable amount of calf hair is used . 
in the manufacture of imitation sealskins,' and this, as it comes from the 
tanneries, contains lime which has been used in the dehairing process, so 
that although the dry hair is first carefully '^ willeyed " or shaken up to 
remove the dust, the refuse liquids from the scouring of these goods 



Tablb LIII. 

SLUDGES FROM MILL IN HUDDERSFIELD TRADE. 

(lUsuUs expressed in parts per cent. ) 



Sample of 

• 


Moist Sludge. 


* Dry Solids. 


Moisture. 


Organic 

and 
Volatile 
Matter. 

39*43 
67-06 


Ash. 

2-66 
10-97 


Organic 

and 
Volatile 
Matter. 


Ash. 


Nitrogen 
(Kiel- 
dahl). 


Fat. 


Magma 
Pressed cake 


67-91 
21-98 


93-69 
85-94 


6-81 
14-06 


1-66 
4-56 


76-69 
32-89 



* The figures are calculated from an analysis of the moist sludge. 

necessarily contain a certain proportion of lime, which by neutralising the 
acid increases the cost of recovering the grease in the seak plant. The 
amount of grease to be recovered is also small in comparison with that at 
most woollen mills, as the goods are largely scoured with urine and soda 
ash instead of soap. 

The seak tanks, which are constructed of wood, are two in number, 
each a little over 6000 gallons capacity. They are fitted with air pipes 
through which air is blown by an injector in order to mix thoroughly the 
contents of the tanks. 

Four magma filters are provided to receive the greasy sludge from the 
seak tanks. They vary in size, but have a total area of 44 square yards. 
These filters are composed of engine ashes about 2 feet in depth, covered 
with a layer of spent logwood from the dye vat, which is renewed each 
time the magma is removed. 

The magma which has been run on to the magma filters is allowed to 
drain there for two or three days until most of the acid water has been 
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got rid of. It is then removed in the ordinary way, by shovelling, and 
made into' ''puddings,'' enclosed in sacking and weighing about 14 lbs. 
each. These are put into steam-heated presses worked by hand, and the 
expressed oil and water are conveyed to a tank, where the oil rises to the 
top and can be skimmed off, while the watery liquid is discharged to the 
purification works. The oil is purified in another tank by the addition of 
a further quantity of acid and by being agitated by live steam, and here 
also, after settling, the watery contents are run off from the bottom of the 
tank to the purification works, while the oil is retained and re-used in the 
manufacturing processes. 

The magma cake from the oil presses amounts to 7 or 8 cwts. per week, 
and is sold for 6s. per ton. 

The grease in the seak tanks is separated as usual with vitriol, and the 
acid tank effluent and the acid water separated from the grease, as well as 
the liquid draining from the magma filters, are passed on to the purification 
works proper, along with the remaining refuse from the mill. This 
consists of the final washings of the pieces and yarn and the dyewaters 
when dyeing is being done. 

The further purification works consist of settling tanks and filters. 
The tanks are two in number, each 38 feet by 27 feet by 5 feet deep, 
and together have a capacity of 64,000 gallons. In each tank the refuse 
is received in a wooden trough which runs the whole length of the top 
wall of the tank. Each tank is subdivided by a cross wall through which 
the liquid passes by seven openings at a depth of 4 feet from the surface 
of the liquid, and has a wooden trough along the whole length of the end 
wall for receiving the tank overflow and delivering it into the outfall 
channel. 

By these means the liquid is delivered into the tank over a sill 
extending the whole width -of the tank, its direct flow is baffled at the 
centre of the tank and directed downward, and the tank effluent is 
collected over a similar sill. The velocity of the current through the 
tank is thus equalised over the whole width and reduced to a minimum. 
By directing the liquid underneath the mid-wall the tank contents are 
more thoroughly mixed, and any floating matter is retained, and in addition 
a scumboard fixed before the collecting trough keeps back floating leaves 
and any further scum formed in the second compartment. 

The two tanks can be used either separately or in series, and either of 
them can be put out of use for cleansing. They are provided with floating 
arm outlets by means of which the liquid part of the contents can be 
discharged while the sludge is retained. The bottom of each tank is 
dished to a sludge outlet. In ordinary working the tanks are used in 
series and the refuse is continuously flowing through them. When one 
tank is being cleansed the top water is run off down to the sludge and the 
sludge swept out, and meanwhile the other tank is used. 

For the tank effluent two filter beds have been provided, each having 
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an area of 85 square yards. The filtering material is engine clinker 2 feet 
6 inches in depth, mostly consisting of pieces between 2 inches and half an 
inch in diameter, but with a fine layer ou the surface of pieces varying 
from a quarter to one-eighth of an inch. Two sludge filters have also 
been provided, each about 37 square yards in area and constructed like 
the top-water filters. The effluents from both sets of filters are discharged 
to the stream. 

The works are intended for the use of a chemical precipitant if that 
should be necessary, but so far no precipitant has been found necessary, 
the acid discharges from the seak plant being neutralised by the alkaline 
washing-ofF waters, and the mixture of the two liquids bringing about a 
precipitation. 

The daily amount of refuse is estimated approximately at 15,000 
gallons, and of this amount about a quarter is passed through the seak 
plant, but the works are capable of dealing with larger quantities. 

Over a given period Mr Wheatley took very careful observations of the 
amount of work done, the cost of treatment in the seak plant, and the 
value of the oil recovered, and finds that, in a fortnight when some 120 
pieces of sealskins and 35 pieces of woollen and union goods were dealt 
with, the results for the grease -recovery part of the process were as 
follows : — 

Vitriol, 23J cwts., at £1, 17s. 6d. a ton .£240 

Wages 1 10 

Depreciation, steam, and interest on 
capital expended in seak and grease- 
recovery plant . . . . . 114 

£5 8 



Against this were : . 

16 cwts. of oil, at 9s. per cwt. . . .£740 
Magma cake, 15 cwts., at 6s. per ton . 4 6 



£7 8 6 



Balance . .£206 

At this rate of working this part of the plant would yield a profit of 
£50 per annum after all expenses have been paid. 

The total cost of the plant was £953, including £73 for the seak tanks 
and magma filters, £80 for the oil-pressing plant, and £800 for the purifica- 
tion works proper, without making any allowance for the value of the site. 
The labour required in attention to the latter works amounts only to 
2s. 6d. per week, or £6, 10s. per annum, and the interest and deprecia- 
tion may be taken to be £80 per annum (in addition to the allowances 
for the grease-recovery plant). So that at the above rate of working 
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the actual net cost per annum is £36, 10s. Under present conditions 
this amounts to nearly 2d. per 1000 gallons, but it must be borne in 
mind that the plant is designed to deal with twice the present average 
volume of refuse. 

Fig. 32 shows a ground-plan of the works, which has been kindly 
furnished by Mr Kirk, and a photograph is given in Fig. 33. Samples 
have from time to time been taken of the various liquids before and after 
purification, and the analyses are given in Tables LIY. and LY. 

It should be mentioned that the effluents are discharged into a very 
small stream. It is clean but ochrey above the mill, and was formerly 
always grossly polluted by the mill refuse, but now shows no apparent 
pollution after receiving the effluents. 



Table LV. 
SLUDGES TAKEN AT HOPTON MILLS (HENRY WHEATLEY k SONS). 

{BesuUs expressed in parts per cent, ) 





Moist Sludge. 


• Diy Solids, 


Sample of 

• 


Moisture. 


Organic 

and 
Volatile 
Matter. 


Ash. 


Oif^nic 

and 
Volatile 
Matter. 


Ash. 

41-68 

4-66 
12-12 


Nitrogen 
(Kjel- 
dahl). 


Fat after 
Acidifi- 
cation. 


Air- dried sludge from 
sludge filters . 

Magma as put into 
"puddings^* . 

Pressed magma cake . 


47-29 

48-76 
80-00 


80-82 

48-86 
61-62 


21-89 

2-88 
8-48 


68-47 

96*84 
87-88 


8-70 

0-41 
6-61 


22-72 

86-84 
40-26 



* The figures are calculated from an analysis of the moist sludge. 

As has been explained, where worsted pieces are scoured the amount 
of grease present is comparatively small, and many manufacturers do not 
make any attempt to recover it. In such cases the purification of the 
waste waters is usually effected by precipitating the greasy matters and 
other impurities by means of lime and alumino-ferric or similar precipitants, 
and by afterwards settling out the solids in tanks and filtering the tank 
effluent. 

Flannel Manufacture. — A similar course is usually adopted at mills 
where light flannel goods are made. The following is a description of 
purification works on this principle at a mill employed in the manufacture 
of flannels. 

The polluting processes in connection with the manufacture are three 
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in number — wool washing, wool (and cotton) dyeing, and piece scouring, 
but it is from the piece scouring that the bulk of the polluting liquids is 
discharged. 

The wool washing is scarcely comparable to that in other branches of 
the wool trade, for only wool which has been previously washed is used, 
and the cleansing process it undergoes is a second washing to enable it to 
take dyes readily. It loses, on an average, 16 per cent, of its weight in 
the washing. The wool is placed in a perforated metal casing, which is 
immersed in a small tank filled with hot soapy or alkaline liquid, and after 
being thoroughly soaked it is rinsed twice or thrice in clean water. The 
liquid in the tank is used over and over again, being strengthened from 
time to time with fresh alkali or soap, and is only discharged at long 
intervals of a month or two. It thus becomes highly polluting, but is 
only small in volume. The water in which the wool is rinsed is only 
slightly polluting, the final washings being nearly pure water. 

The dyeing is done '' in the wool,'' and aniline colours, logwood (with 
chrome mordant) and indigo (in woad vats) are all used, but the indigo 
dyeing is usually done on other premises by " country " dyers. The loose 
wool is immersed in a vat or dye pan of the hot dye liquid and allowed 
to soak for some time. It is then usiially withdrawn from the dye vat 
and placed in another tank filled with clear cold water, in order to cool the 
material and to wash off excess dye. The dye pans are sometimes emptied 
after each operation, but frequently, and especially when aniline colours 
are used, are only partially run off and filled up again with fresh dye 
water. In the indigo vats the woad method of dyeing is generally used, 
and the vats are only discharged at long intervals. The dyewaters, 
especially those containing logwood or indigo, are very polluting, but the 
washing-off waters are frequently only slightly fouled. 

After the goods are manufactured they are milled and scoured. Milling, 
as has been stated, is a felting process by which the interstices between 
the fibres of the cloth are closed up and the goods are made soft and fleecy, 
shrinking greatly in the operation. It is done either by beating the pieces 
in stocks or by passing them repeatedly through a milling machine, soapy 
liquid being added in either case to moisten them. The amoimt of liquid 
used in this process is small, and usually all absorbed by the goods. After 
being milled the pieces are scoured in a washing machine with a consider- 
able quantity of hot soapy water, with which soda ash, or carbonate of 
soda, is generally mixed. When the washing machine containing the goods 
has been run for some time with this soapy liquid, the liquid is discharged 
and the pieces are washed off in the same machine in several quantities of 
clean water until all the soap has been washed out. The scouring liquid 
when discharged is thick and almost jelly-like on cooling, and very highly 
polluting, the first washing-off water is little better, but the final washings 
consist of almost clean water. 

All the waste waters, amounting to 7500 gallons per day, are discharged 
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These purification works were constructed under the advice and super- 
vision of Mr R. W. Oddy, of Rochdale, who has constructed a large number 
of similar works in the West Riding and in Lancashire. They cost in all 
£252, including the drains, pump well, pump, etc., and Mr Oddj considers 
the plant capable of dealing thoroughly with 9000 gallons a day. 

Taking the interest and depreciation at £25 per annum, the labour at 
£7, the cost of precipitants at £13, and the cost of steam at £5, the 
annual cost of treatment amounts to £50, or 5*3 pence per 1000 gallons 



Table LVI. 

REFUSE FROM FLANNEL MANUFACTURE. 

(Results expressed in parts per 100,000, ) 



Solids in | Solids in 
Suspension ' Solution 



Nature of Liquid. 



_ ^ , (dried at 
ToUl 100* C). 
Sohds. ' 



River water used 
Well water used . 
Wool-washing liquid 
First wool rinsing 
Second „ ,, 
Cotton dye water 

„ ,, washing-off 
Chrome liquor . 

„ washing off 
Logwood liquor . 

„ washing-off 
First wash, piece 

scouring . 
Second „ 
Third 

Mixed crude waste 
Mixed tank effluent 
Mixed final effluent 



14-4 
23*4 
2604-0 
29-6 
19*2 




883*2 
6-2 
8-0 

trace 



(dried at 
100* C). 



Total. 



54-4 
0-2 
0-1 



14-4 
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16-2 
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31 


786-6 
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8-4 


61*6 


188 


77 


12-0 


66-0 


293-6 


196-6 


23-6 


97-0 


98-2 


8-8 


6-0 


89-4 


94-6 
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1-7 


91-6 



9-6 
21-6 

1226-4 
18-8 
11-4 

432 
71 
75 
82-0 
58-0 
23 

118*6 
41-6 
36 
60 
83-4 
83-0 



Nitrogen. 
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0-11 
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0-62 

0-14 

0-07 

11-4 
1-58 
094 
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066 



1-20 
0-13 
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0-88 
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0-74 



treated. The comparatively large cost per volume treated is due to the 
relatively large cost of works dealing with small volumes of refuse. In 
this case, for example, the interest and depreciation on the plant account 
for 2-6 pence, or half the total cost per 1000 gallons. Moreover, in a small 
mill such as this it would not pay to put in a grease-recovery plant, the 
return from which in a larger mill would at least pay for the cost of 
precipitants. In some other flannel mills, the manufacturers recover the 
grease and find it profitable to do so, and even when the grease recovery 
yields no direct profit, it may do so indirectly, inasmuch as the acid 
effluent produced may serve to neutralise and precipitate the rest of the 
mill refuse (see p. 186). Analyses of samples of the waste waters and of 
the final effluent are given in Table LVI. 
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Blanket Scouring. — The scouring of blaDkets may be considered to 
come midway between wool washing and piece scouring, inasmuch as the 
raw wool is often carded, spun, and woven before it undergoes any cleansing 
process, and the refuse discharged thus contains the organic matters of 
wool-washing suds, as well as the oil and the soap or other "detergent of 
piece-scouring suds. 

In blanket scouring two methods are employed. In the first the goods, 
as they come from the looms with their natural impurities and the oil 
added in carding, are scoured with soap and soda like ordinary piece goods 
and afterwards milled in a soap solution, which has then to be washed out 
with considerable volumes of clean water. This is the method adopted at 
the Peel House Mill of R. T. Riley & Son. 

At this mill there is also a carbonising process, in which, as has 
already been described (see p. 170), vegetable matters are removed from 
the wool by an acid treatment, and the acid is afterwards washed out or 
neutralised with soda. The thicker scouring suds are pumped to two seak 
tanks, where the grease is recovered. The washing-off waters after scouring 
and milling are all drained to a separate pump well, from which they are 
raised to a settling tank, receiving on the way a dose of sulphuric acid to 
ensure the separation of the grease. The acid effluent from the seak tanks 
is also conveyed to this settling tank, where a large amount of gresuse 
separates and is dealt with like the magma from the seak tanks. The 
tank effluent overflows on to two shallow filters, . which are, however, 
used more as settling tanks than as filters, and from these a further 
amount of grease is obtained. The effluent from these filters is passed 
through further filters, of which there are four in two series. The filters 
are composed of broken stone upon a foundation of stone pitching, and 
covered with a 3-inch layer of ashes from the mill furnaces. 

The cost of the works, which are not very substantially built, was 
£260, not including the cost of pumps and magma press. This at 10 per 
cent, for interest and depreciation amounts to £26 per annum. One man 
gives his whole time at £60 per annum, and pumping and repairs are 
estimated at £15 per annum. Seventy tons of vitriol are used annually, 
but 25 tons of this are used in carbonising, leaving 45 tons at a cost of 
£90 per anilum used directly for grease recovery. The total annual cost 
is therefore £191. The quantity of oil recovered is 29 tons per annum, 
worth £232, and this is recovered from 14 tons of oil used in the carding 
and spinning, 12^ tons in the soap used, and some oil contained in the 
wool. In the magma presses 33 tons of cake are produced, worth £8, 5s. 
per annum. The whole process, therefore, is remunerative. 

Table LYII. shows the nature of the refuse produced and the results 
of its treatment, and the purification works in use are shown in Fig. 36. 

In the second method of blanket scouring, fuller's earth is used as a 
detergent instead of soap. The goods from the loom are milled in fulling 
stocks with fuller's earth and water and afterwards thoroughly scoured with 

13 



'jSoAMI.^SgXmilVATERS. 
~.". ill 



-0 




THE TEXTILE TRADES. 



195 











00 


t* 


lA 


d 


f— « 




00 




" 










Fatty Matter. 


b 





CO 




o» 
1— • 


• 
■ 
■ 


•il* 


m 
m 
m 


• 
• 
• 












orary. 


00 

CD 


• 
• 
■ 




rH 


rH 














S^ 


Temp 


00 

• 


a 
• 


■ 
• 
• 




• 




CD 

• 

00 




• 




CI 
00 


























t^ 













SO 

B«M 





































CO 









!>. 





CI 










Pei-manent. 





• 


^ 


• 


• 


• 
CO 


CI 


CI 


• 

00 










wg 














00 





1-t 


CI 








CO 




r^ 









00 





"^ 










1 


Total. 


*Q 


• 
• 


a» 


• 
• 
• 


• 
• 
• 


CO 

00 

CI 


CD 


• 

d 

1-i 


• 

CO 



00 
00 

• 






Acidity 


• 


• 




• 




• 




• 










(as H2SO4). 


• 


• 
• 


• 
• 


• 
• 


• 
• 




CO 


• 


1-t 

CO 




1—* 






Alkalinity 
(as NaaCOg). 


10 

• 


r-l 

• 

CO 

00 


00 

• 

1-4 
00 


• 

00 

•<* 


p 
00 

10 


• 
■ 
• 


CI 

■ 

rH 
10 
10 


■ 
• 


m 
m 
m 


-3 

a 




1 § s? 

1 g 'Sg 


& 


CO 

■ 

at 





r-< 


00 

• 

1-i 


00 

• 

00 


CI 


10 


00 

■ 

00 


CI 

• 


1 






1 


Oxygen ab 

from -— pe 
80*^ 

ganate in 

hours at 2< 




10 


10 




rH 


rH 










4d 







3 




• 

Ok 

r-i 


CO 

• 




00 


1-i 

. 

CO 
CI 


90 






• 

CO 

l-H 


00 

• 

00 


CI 


1 
■1 






s 






























Organic 





00 
00 




to 



»o 


rH 
1— 


•^ 
•^ 






1 


• 




i 


• 


(Kjeldahl). 


r-l 
00 


10 

CI 


01 


r>. 




«o 




CI 








^ 


1 


f 

!25 


Albuminoid 


00 
00 







00 








•^ 
^ 


1-t 
00 


rH 

00 









03 


(Wanklyn). 


l-H 


00 


fH 


CI 


'^ 


01 


^ 


• 




■ 





1-i 


Ammoniacal. 


10 



• 


M 

^ 





CI 

*>• 

• 




• 


10 

• 


CI 

00 


1-^ 


^ 


I 


EH 




1 






r-l 


01 























s 




'g 


• 


CO 

• 


09 

■ 


00 

• 


00 

■ 


«o 

• 


CI 

■ 


00 

• 





"* 

« 


In. 








•c^ 


'S 


•^ 


1-4 


Tl* 


CI 


o» 


kO 


t^ 


1-i 


CI 


CO 




.S-od 

rn 


< 


00 
09 
1-i 




00 

rH 


» 


CO 


00 


00 

1-i 


10 

09 


00 


3 

c 




s 




• 

1 


00 
lb 


• 




00 

CI 


• 


CO 

• 


CD 

• 


CO 

• 

00 


-* 

%■ 
CO 


CO 

• 

eo 








7? * 





00 


CO 


^ 


a» 


CI 


CO 


1-i 


eo 


t>. 


61 









QQ 


H 


00 

i-i 


C4 


IH 


c« 


IH 


CI 


at 


■^ 


eo 


1 




a 


• 


00 

■ 


eo 

• 


10 

• 


CI 

• 


O) 





«<• 


A 


Xi 

ca 








Solids in 

Suspensio 

(dried at 

100' C). 




ft 
to 


CO 


la 


s 


^ 

r^ 


CI 


rH 
CI 










• 

1 


CO 


04 

■ 

10 




« 
CO 


CO 

• 

00 


10 
CD 


eo 

■ 


00 


CI 

■ 

*>- 


p 
CI 


• 














o» 


»>. 




1-* 


r^ 




1-i 












3l 


CO 

• 

00 


CO 

■ 


00 

• 

00 




00 


CI 


9» 


00 

• 




00 


* 








i5'o 





Ifi 


o» 


r* 


a 


■^ 


00 


00 


t>. 










E-M 


00 
04 



01 


rH 


•<* 


CI 


00 



CI 


•«a* 


•* 








• 


• 


TS • 


TJ • 


fe • 


^ • 


' • 


• 


• 










4$ 






«8 


c8 


08 


t 


s 
















'p* 


■ 


• 


% § 


Es e 


• 


fl • 




« 


• 










1 


. 


• 


» 


ing-o 
gwate 


1. 


1 


• 


• 












1 


en 


eo 

1 


ized wasl] 
neutralisin 


ixed wash 
neutralisin 


'ashing - off 
milling 


rat washinj 
bonising* 




1 

1 

9 

»-H 

s 


a 

1 












S 


^ 


S 


S 


^ 


^4 


'C 


£ 





196 TRADE WASTE WATERS. 

clean water in washing machines. This is the process adopted at Providence 
Mills, Earlsheaton, where Messrs W. Greenwood and Sons carry on the 
business of rug and blanket manufacturers, and liquid refuse is produced in 
the processes of dyeing and scouring. Hefe Messrs C. U. Marriott, Son <fe 
Shaw, Civil Engineers, Dewsbury, have constructed settling tanks and iilters 
for the scouring refuse. The dyewaters are discharged into the sewer. 

The raw materials used in the mill are wool and shoddy, and to these 
oil is added before they are spun into yarn. After the goods have been 
woven they are scoured with fuller's earth to remove dirt and grease. 
The dirty water from this scouring process amounts to 25,000 gallons a 
day, and as some of the wool used has not been previously scoured, but 
contains its natural grease and dirt, and as something like 2 tons of 
fuller's earth are used every week, it can be readily understood that the 
crude refuse contains a large amount of polluting matter. 

A ground-plan of the purification works is given in Fig. 37. The refuse is 
discharged from the mill through a small screening chamber, where alumino- 
ferric is added as a precipitant, and runs by gravitation into six settling 
tanks arranged in a special manner. They are provided with a central 
distributing channel from which the liquid can be led into any one of the 
six tanks. Each of the tanks is provided w^ith an outlet into a drain 
which conveys the tank effluent to the filters. The inlets and outlets, as 
will be seen by referring to the block-plan, are so arranged that the refuse 
can be first turned into any one of the tanks and from it led through all 
the others successively. By this arrangement the refuse can be treated 
through the whole of the tanks, from number one to number six con- 
secutively, until number one requires cleaning, when it can be put out of 
use without interfering with the remaining five ; and again when number 
one has been cleaned and brought into use number two can be put out 
of use and the refuse discharged through the remaining five in series, and 
so for the others. 

Each tank is 20 feet by 14 feet by 6 feet in depth, and holds 10,000 
gallons. There is a baffling wall across each, 5 feet from the inlet end, 
and at the bottom of this there are openings 12 inches high through 
which the liquid is made to pass. To keep back floating grease, a scum- 
board is provided 3^ feet from the outlet end, which dips into the liquid 
some 4 inches. A valve is provided at a depth of 3 feet from the surface 
of the liquid, and through this the top water is discharged when the tank 
is cleaned. A sludge valve is provided at the bottom, the floor being 
dished tow^ards it to enable the tank to be readily cleaned. 

This arrangement of the tanks has several advantages. By always 
turning the refuse first into that tank which is next to be cleansed a 
stiffer sludge is obtained, and this is of special advantage in the case of 
a sludge containing much fuller's earth and grease, as in such a case the 
sludge is invariably very retentive of water. The last tank in the series 
is always the cleanest and thus available for catching any suspended 
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matters which may have escaped from the others. In cleansiog the tanks 
only one-sixth of the total amount of tank room need be out of use at one 
time. The repeated baffling walls and scumboards are also an advantage. 

One objection to these tanks is that the baffling walls reach down too 
near to the bottom of the tanks and the current is deflected so far down- 
wards that it appears to stir up and carry along with it some of the solids 
which have been deposited. 

For dealing with the effluent from the settling tanks there are two 
filters each 30 feet by 15 feet and 4 feet in depth of material. They are 
filled with broken stone covered with screened clinker varying in size 
from 2-inch material at the bottom to ^-inch at the top, and are under- 
drained with special tiles. The filter effluent is discharged into a large 

Table LVIII. 

SAMPLES TAKEN AT PROVIDENCE MILLS, EARLSHEATON 

(W. GREENWOOD k SONS). 

{Results expressed in parts per 100,000. ) 



ATonge of SeTeral 
Samples of 



CraderefoM . 



Tank effluent 



Vlnal efflnent . 



Total 
Solida. 



900*1 



85-6 



fl^S 
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Suspension 

(dried at 

100* C). 



ToUl. A«h. 



802*7 4620 
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1*8 ' 1-2 



1-9 



1*6 



Solids in 

Solution 

(dried at 

100' C). 



Total. 
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64 '2 
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Ash. 
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75 1 



Nitroge 


n. 
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Oxygen ab- 
sorbed from - 
80 


(int€ 
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at 2«-7' C. 


inns of CaCOsX 
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Caa £.3. 

3 So 


Total. 


In 

Solution. 


Total. 


Permt. 


Tempy. 


lie 


4-96 


9-96 


26-04 


209 


861 


49*7 


86*4 


0-70 


0*12 


0*42 


1*27 


1*18 


820 


80*9 


17 


0*67 


0*10 


0*82 


0-77 


0*74 


fl-21 


49*4 


12*7 



reservoir which receives also roof water and a little surface water from the 
adjoining field in time of rain. 

There are three sludge filters, each 20 feet by 17 feet, and constructed 
like the effluent filters, but with only 18 inches depth of medium. These 
are also under-drained to the reservoir. After the sludge has dried to some 
extent upon the sludge filters it is harrowed on to the adjoining field. 

As has been mentioned, it is characteristic of sludge containing fuller's 
earth and grease to retain an excessive amount of moisture, and the 
arrangements for dealing with the sludge have here been found quite 
insufficient. In five weeks' working it was found that nearly 60 cubic 
yards of wet sludge accumulated on the filters, and this only dried to a 
very slight extent after lying there for two weeks. Fortunately part of 
the field adjoining the settling tanks lies much lower, and the sludge is 
now run by gravitation into a comer of the field. 

In this case probably the best way of dealing with the sludge would 
be that described on p. 263, namely, to run it into trenches, which should 
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be covered up with soil as soon as possible. At another mill in Yorkshire 
where similar refuse is dealt with it has been found necessary to install 
sludge presses, the sludge cake from which is used for filling up hollows 
in the land and some of it for manure ; but the pressing of the sludge 
costs about 2s. per ton of sludge cake produced. 

The results of the above treatment of the trade refuse have been very 
satisfactory. Analyses of the crude and treated refuse and of the sludge 
produced will be found in Tables LVIII. and LIX. Before these works 
were installed the water supply for the mill was, with the exception of a 
little roof and surface water during wet weather, taken from the town's 
mains. For the last six months the effluent from, the purification works 
has been pumped from the reservoir to be used, mixed with town's water, 

Table LIX. 

SLUDGES TAKEN AT PROVIDENCE MILLS, EARLSHEATON 

(W. GREENWOOD & SONS). 

(ResuUs expressed in parts per cent. ) 



Average of Two 
Samples of 


Moist Sludge. 


Dry Solids.* 


Moisture. 


Organic 

and 
Volatile 
Matter. 


Ash. 


Organic 

and 
Volatile 
Matter. 


Asb. 


Nitrogen 
(KJeldabl). 


Total 

Fatty 

Matters. 


Sludge from eludge 
filter . . 

Air-dried sludge 


8018 
6626 


8-96 
12(» 


«-86 
2105 


86-5« 
8762 


68M 
62*88 


1-08 
1-01 


21-71 
18-82 



* The ilgnres are calculated from an analysis of the moist sludge. 

both for the manufacturing processes and for the generation of steam. 
Messrs Greenwood have found the effluent fairly satisfactory for dyeing, 
scouring, and boiler use, and have thus been enabled to reduce their bill 
for town's water by some £120 per annum. 

The cost of the purification works was £800, including the cost of a 
pump for raising the effluent to the cistern which supplies the mill. The 
cost of labour, inchiding general attention to the works and dealing with 
the sludge, is estimated at 15s. per week. The amount of alumino-ferric 
used as a precipitant is only small — a ton, which costs £2, 17s. 6d., 
lasting for eighteen weeks. 

The total cost therefore, per annum, is as follows : — 
Purification i Depreciation and interest on 

works t capital (10 per cent, on £800) £80 
Labour and general attendance . 39 

Precipitant . . . . 8 6 10 



Total 



£127 6 10 
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This would give a cost of just over 4d. per 1000 gallons treated, but, 
as has been stated, this cost is nearly wiped out by the saving effected in 
the bill for town's water. 

SmnmaTy. — On examining the methods for the purification of waste 
waters from the various branches of the textile trades, described in the 
preceding pages, it will be noticed that in many cases the purification 
process may be profitable, or at least that its cost may be to a great extent 
counterbalanced by the value of bye-products recovered. 

At mills where the whole of the refuse consists of soapy waters the 
grease recovered will go far towards paying the whole cost, and in 
favourable circumstances will even yield a handsome profit (p. 179) : at 
bleach crofts the worst of the refuse can be treated separately so as to 
give a return which will at least pay for that part of the purification 
process (p. 100) : in wool suds it has been shown that large amounts of 
valuable substances are present, which can be recovered at a cost which 
more than recoups the manufacturer for the necessary operations, and 
which if run to waste enormously increase the cost and trouble of purifica- 
tion (pp. 114 and 117): and it has been pointed out that even in dealing 
with dye waters the manufacturer may at least partially recoup himself for 
the expense of purification (p. 138). 

It is very often found that waste waters of very different kinds are 
discharged from the same premises, as, for instance, piece scouring and 
dyeing refuse from the premises of a woollen manufacturer, or bleaching 
and printing refuse from the premises of a calico printer ; or, again, that 
although the refuse may be from one trade process, it may vary greatly in 
its polluting character, according to its immediate source, like the kier 
liquor compared to the other waste waters of a bleach croft ; and in some 
cases, for example where there is piece scouring, the treatment of one 
part of the discharge may be profitable. In such cases it will generally 
be much more economical to deal separately with the liquids more difficult or 
profitable to treat, and to purify the resulting effluents along with the rest 
of the refuse from the mill (see pp. 100 and 184). 

At the other extreme as regards impurity come the washing-off waters, 
which form the final discharge from practically every trade process, and it 
is often claimed that they are pure enough to be discharged to a stream 
without treatment. It must be admitted that if carefully separated from 
other refuse they may be so, but there are many objections to their direct 
discharge. In the first place, the purer waters are discharged from the 
same machines and vats as the fouler liquids, and two sets of drains would 
be necessary if the former were to be discharged to the stream and the 
latter to purification works ; in the second place, the necessary attention 
to the valves for turning the liquids in the one direction or the other 
cannot or will not be given by the man in charge of the machines or 
vats ; and, in the third place, the fouler liquids are usually more difficult 
to purify efficiently without dilution by the less polluted. It will often, 
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however, be advantageous for a manufacturer to catch his cleaner waste 
waters by a separate system of drains, either for direct re-use, or for 
separate purification so that they may be re-used ; but if this is not done, 
it is generally preferable, from the point of view both of the manufacturer 
and the Rivers Authority, first to recover any valuable bye-products and 
to treat in a preliminary way any refuse which may be specially intract- 
able, and then to mix the effluent from this process with the rest of the 
waste waters, including washing-ofF waters, for treatment in one set of 
purification works. 

From the foregoing descriptions of works and a study of the special 
apparatus described in Chapter XI., a suitable method of dealing with the 
waste waters produced in any branch of the textile trades can be easily 
selected. Where fibrous matter is present in the refuse it is always 
better to remove it by screening before attempting further purification, for 
when thus recovered it generally more than pays for the cost of recovery, 
whereas if allowed to remain it greatly increases the volume of sludge, or 
it passes on to choke filters. In dealing with such varying liquids it is 
advisable that an averaging tank should be provided, where all the various 
discharges become thoroughly mingled, or, where it is necessary to pump, 
a large sump serves the same purpose. This mixture often has the efibct 
of producing a precipitation of the solids, and even where this is not the 
case it renders more regular and certain the action of any chemical pre- 
cipitant which may be added (pp. 140 and 153). Settling tanks are almost 
always necessary, and their form and arrangement must be determined 
after consideration of the available site and its surroundings, and especially 
after deciding whether it is necessary or advantageous to resort to 
pumping. The use and choice of a precipitant should in all cases be 
settled only after careful tests, and the method of its application requires 
equal care. For determining the subsequent treatment of the refuse, the 
first consideration, as has already been suggested, is the presence or 
absence of organic matters derived from the raw materials, or in some 
few cases from the substances used in the processes of manufacture : when 
these are present some biological method may have to be adopted as the 
final part of the treatment, such as has been recommended in the case 
of wool-washing and silk-boiling refuse: when they are absent, as, for 
example, in the waste waters from a dyehouse, a simple straining of the 
tank effluent is likely to suffice. ^ 
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CHAPTER X. 

MISCELLANEOUS TRADES. 

GalvsnisiDg, tlnplating, and wiredrawing — The moist copper proceas— Drainage from 
shale heaps — Manufacture of copperas and alum — Alkali manufacture — Soap making 
— Grease extraction— Grease distillation — Oil in condensing water — Tar distillation — 
Mineial-oil refining — Tar spraying of roads — Glue, size, and gelatine manufacture — 
Slaughtering of animals, [)one tailing, tripe dressing, trotter boiling, tallow and 
dripping preparation— Dairy and creamery refuse — Laundries — Sheep washing — 
Sheep dipping — Stone sawing — Sand washing — Ore washing— China-clay washing 
and grading — Gee's centrifugal machine — Mineral- water manufacture, clay mixing, 
flint grinding, file scouring, and cutlery grinding — Varnish and paint manufacture — 
Beet-sugar manufacture, sugar refining, and starch manufacture — Working of salt 
deposits — Conclusion — Bibliography. 

Oalyanifiing. — The object of galvanising is to coat the surface of iron with 
a thin layer of zinc, which protects the metal underneath from oxidation. 
The iron is sometimes first annealed to render it soft, and is then pickled in 
hydrochloric or sulphuric acid to dissolve or loosen the scale of oxide which 
rapidly forms on any exposed iron, so as to leave a clean surface to receive 
the coating of zinc. The acid employed in the process is usually diluted 
with water till it has a strength of 12 to 15 per cent., although lower 
and higher strengths are used, and when it will no longer '* bite " — that is, 
when it will not act quickly enough upon the oxide of iron — it is discharged 
as "waste pickle." The acid is generally used cold, although its effect 
would be greater if it were warm. The pickled iron is thoroughly washed 
and sometimes rubbed with sand and then dipped into a bath of molten 
zinc, to which some flux, such as ammonium chloride, is added. 

It will thus be seen that the sources from which waste liquids arise 
are the pickling and the washing processes. The waste pickle from the 
pickle tank (see Table LX.) is a muddy liquid containing large amounts of 
oxide of iron in suspension, and in solution large amounts either of chloride 
or sulphate of iron, and sometimes as much as 5 per cent, of free acid. 
The wash waters are of a similar nature, but more dilute. 

These liquids, if discharged to a stream, cause, like the ochre waters 
mentioned in Chapter II., a reddish-brown deposit in the bed of the 
stream, and, largely owing to their acidity, render the water incapable of 
supporting animal and vegetable life, or of being used for industrial purposes. 
The injury that has been caused through such liquids being discharged 
into streams has been very serious, and is graphically described by the 
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1868 Commission in their Fifth Report (p. 34) in regard to the rivers of 
South Wales, and this state of matters remains still to a great extent 
unaltered, in spite of the fact, pointed out by the Commissioners, that the 
pollution is quite preventible. 

In the first place, much acid is wasted either by discharging the 
contents of the pickle tanks too early or by using the acid cold, and the 
quantity of washing water can be much reduced by using a tank of water 
into which to dip the goods when they are removed from the pickle tank. 
This water, when charged with acid, may be used to dilute the acid in the 
pickle tank when that is made up afresh. By attention to these matters 
the quantity of waste liquids can be greatly reduced. In the second 
place, the acid which escapes in the waste pickle can be recovered and 
re-used, and the iron it contains can be separated from the sulphuric acid 
pickle in the form of copperas or ferrous sulphate, and from the hydro- 
chloric acid pickle as oxide of iron, both of which have a commercial value. 

In order to recover copperas, the spent sulphuric acid pickle is run 
into a lead-lined tank containing scrap iron to neutralise the excess of 
acid, and is there evaporated by means of steam coils ; and the concentrated 
liquid after settlement is run into other lead-lined tanks, where, on cooling, 
copperas crystallises out. If scrap iron is not used to neutralise the acid, 
the latter becomes concentrated during the evaporation, and in that case 
the mother liquor, after the removal of the copperas, can be returned to 
the pickle tank. 

For the utilisation of waste pickle containing hydrochloric acid. 
Professor Turner has patented a process (No. 16,166, 1888) in which the 
spent pickle is heated in a reverberatory furnace, with the result that 
hydrochloric acid is liberated and oxide of iron is left behind. The liber- 
ated acid is condensed and re-used, whilst the oxide of iron is sold to be 
made into paint. This process has been adopted at the works of Messrs 
Walker Bros., Walsall, who purchased the patent rights, and is said to 
produce a profit. 

Another method of utilising waste pickle is as a precipitant in the 
clarification of sewage or other waste liquids, and in some cases the waste 
pickle is carted to the sewage works for this purpose. Generally, how- 
ever, it is preferable to admit the refuse gradually into the sewers, and to 
add lime at the sewage works to neutralise the acidity and to precipitate 
hydrate of iron, which then carries down organic matters from the sewage. 

If one of the above processes is not adopted, and it is necessary 
to render this kind of waste fit to discharge to a stream, a sufficient 
quantity of lime must be added to neutralise the acidity, together with a 
further quantity sufficient to precipitate the iron present in the solution, 
and settling tanks must be provided for the deposition of the sludge thus 
produced. With a sulphuric acid pickle the deposit consists of oxide of 
iron mixed with sulphate of calcium, and has little or no value, whereas 
the deposit from a hydrochloric acid pickle consists almost entirely of 
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oxide of iron, which can be made into paint. As the sludge produced is 
large in quantity in comparison with the amount of refuse, the settling 
tanks should be of considerable size, at least capable of holding two days' 
flow, and subdivided to allow of frequent and regular cleaning, and for the 
same reason a large area of sludge filters is necessary. 

Even if the discharge of waste pickle is prevented, as previously 
suggested, the washing waters cannot be considered 6t to be discharged 
to a stream, and may have to be purified by lime precipitation in the 
manner just described, but as they contain comparatively little acid and 
iron their purification is much easier and less expensive. 

After treatment of this kind the tank effluent will be an exceedingly 
hard liquid, and in some cases it may have to be softened to prevent 
injury to users of the stream lower down. 

Tinplating. — In the manufacture of tinplate the processes are essentially 
the same as those described under galvanising, except that a bath of 
molten tin is used instead of zinc. In galvanising, hydrochloric acid is 
more often employed as the pickle, whereas in tinplating the use of 
sulphuric acid is more common, although either may be used. The waste 
liquids can be dealt with as described above. 

Wiredrawing. — In wiredrawing, the iron or steel rods as they come 
from the rolling mills are reduced in diameter by drawing them through 
successively finer holes in steel blocks. Before being drawn, however, the 
coils of wure are cleansed by being dipped into a pickle of hydrochloric 
or sulphuric acid, exiictly as in galvanising, or, in the case of very fine wire, 
into stale beer, which acts as a pickle on account of the organic acids it 
contains. On being removed from the pickle the coils are rinsed with 
water and dipped into a tank containing milk of lime to remove the last 
traces of acid and to check oxidation. 

It will thus be seen that in wiredrawing, besides similar discharges to 
those produced in the operations of galvanising and tinplating, there is an 
escape of milk of lime from the coils of wire as they are removed from the 
liming tank. 

In the treatment of the refuse from wiredrawing care should be taken 
to deal with the spent pickle separately by one of the methods suggested 
above, when the washings of the pickled wire and the discharges from 
the liming operation can be passed together into settling tanks, where the 
lime will precipitate any iron in solution. 

Where stale beer is used for pickling, the spent pickle is of a grossly 
polluting character. If, as is usual, it forms only a small proportion of 
the refuse discharged, it may be mixed with the rest and treated in the 
same way. If, on the contrary, it is present in considerable proportion, 
this treatment will not be sufficient, and recourse must be had to some 
biological method of purification, such as has already been suggested for 
the treatment of brewery refuse (see p. 63). Analyses of the various 
discharges from wiredrawing are given in Table LX. 
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The Moist Copper Process. — There is another source from which waste 
iron liquids are discharged. In the production of copper from copper 
pyrites, by what is known as the moist process, the copper ore is roasted 
for the recovery of the sulphur, and is then again roasted with common 
salt to bring the copper into the form of a chloride. This, with any 
sulphate present, is dissolved out in water, and the copper displaced from 
solution by means of scrap iron, and when this displacement is complete 
the iron liquor is discharged as refuse. Such a liquor contains large 
amounts of iron in solution, in one case 300 parts per 100,000 were found, 
but differs from the other waste iron liquids described in that it contains 



Table LX. 

REFUSE FROM WIREDRAWING WORKS. 

(Results expressed in parts per 100^000.) 



Nature of Sample. 


ToUl. 
Solids. 


Solida in 

Suspension 

(dried at 

100' C), 


Solids in Solu- 
tion (dried at 
100* CX 


Oxygen ab- 
sorbed from 

— perman- 
80 

ganate in 

four hoars 

at 26-7' C. 


Alkalinity (in 

terms of CaO). 

1 


Acidity (in terms 
of HCI). 


Iron. 


1 

1 

1 


Total. 

18-0 

18-2 
1-2 

1615-0 

1148-0 
81-0 


Ash. 

12-4 

14-0 
1-2 

12600 

368-8 
26*6 


ToUl. 


Ash. 


Total. 


In Sol- 
ution. 

70000 

• • 

• • 

640*4 
8966-0 

• • 


Waste pickle 

Waste pickle after 
settlement 

Do. 

Sediment in waste 
pickle 

Brewery refose after 
use at wire works . 

Final washings of wire 


19068-0 

762-2 
668-2 

36S5-0 

14210-0 
91-0 


19040*0 

784*0 
667-0 

1920-0 

18062-0 
60*0 


6420-0 

486*0 
454*0 

1210*0 

9660-0 
67*0 


0990 

17*4 
9*8 

208*0 

936-0 
0*6 


19*0 


661 -1 

• • 

45-2 

• • 

•1080*0 

• • 


7000*0 

118*2 
158*8 

1628*8 

4089-4 
8-7 



* Acidity expressed in terms of lactic acid. 

no free acid. The iron can be removed by precipitation with lime in the 
same way as has been proposed for dealing with the refuse from galvanising. 
Drainage from Shale Heaps — Copperas Manufacture. — In the direct 
maiuifacture of copperas, a process is employed' very similar to that 
suggested above for dealing with spent sulphuric acid pickle. The 
copperas is made by dissolving scrap iron, and especially the waste wire 
from wire works, in strong sulphuric acid, and afterwards evaporating the 
solution for the recovery of the crystals of sulphate of iron. From this 
process there should be no liquid refuse except, it may be, from washing 
floors and vats. Another process, described in the Third Report of the 
Rivers Pollution Commission, 1865, vol. 2, Q. 1926, is still in use, and may 
cause great pollution of streams. Shale containing large quantities of 
pyrites is piled in a heap, sometimes half an acre or more in extent, and 
5 or 6 feet in depth, and exposed to the air and the rain. Ferrous 
sulphate and sulphuric acid are produced from the pyrites by oxidation, as 
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has already been explained in describing the production of ochre water in 
a mine (see p. 9), and are dissolved out by the rain, or in dry weather 
by sprinkling the heap with water. The liquids draining from the heap 
are caught in a well and pumped back to percolate again through the 
shale until by this circulation they become sufficiently saturated with the 
ferrous sulphate. The strong acid solution is then treated with scrap iron 
to neutralise the excess of acid and evaporated in lead-lined pans for the 
recovery of the copperas. So long, therefore, as the process is in complete 
operation there should be no liquid refuse discharged ; but the heap of 
shale in course of time becomes more or less exhausted of its sulphur, 
when the liquid draining from it is so weak that its evaporation is not 
profitable and the shale is abandoned as useless. The oxidation of the 
pyrites still continues, and the water draining from such a heap in wet 
weather, although not containing so much ferrous sulphate as to pay for 
evaporation, will for many years continue to be of a very polluting 
character. In one case, where such a heap had been left derelict for 
over five years, samples of the water draining from it were found to 
contain 4 per cent, of iron and 2 per cent, of free sulphuric acid. 

AltM7i Manufacture, — A somewhat similar acid discharge is produced in 
works where alum is manufactured from shale. In this process the shale 
is boiled with sulphuric acid, and the acid liquor, with or without the 
addition of the salt of an alkali, is evaporated down until the alum salt 
crystallises out. The spent shale which has been thus treated is usually 
thrown on a waste heap exposed to the weather, and the rain washes out 
from it considerable quantities of acid. In one such case the water 
draining from a heap of spent shale contained 845 parts per 100,000 of 
free sulphuric acid. 

Only one method can be suggested for dealing with waste acid liquids 
such as the above. They should be drained into a tank and neutralised 
with lime, and unfortunately these spent shale heaps continue to yield 
acid discharges for a long time, so that the treatment becomes somewhat 
expensive. If a spent heap contains enough carbonaceous matter to make 
it combustible, it may be disposed of as fuel. 

Alkali Manufacture. — A somewhat similar source of pollution, but one 
which gives rise to a much more objectionable kind of refuse, is found in 
connection with the manufacture of carbonate of soda by the Leblanc 
process. The carbonate of soda is produced from common salt by heating 
the salt with sulphuric acid to drive off the hydrochloric acid and to 
produce sulphate of soda or "salt cake." This is then roasted with small 
coal and limestone to prodiice "black ash," which is a crude mixture 
of carbonate of soda, sulphides, polysulphides, hydrate and carbonate of 
calcium, together with unused carbonaceous matter. This black ash is 
lixiviated with tepid water, to extract the carbonate of soda, and the mass 
remaining is thrown upon a spoil heap. Such a spoil heap may reach 
great dimensions and, being exposed to rain and the carbon dioxide of the 
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air, yields up its sulphides, which escape in the drainage waters. These 
cause great pollution of any stream into which they may be discharged, 
and especially when they come into contact with any acid liquid, which 
immediately liberates sulphuretted hydrogen with its offensive smell. 
They also form an objectionable incrustation on the banks and bed of the 
stream. Table LXI., quoted from Mr Naylor's book on Trades^ Waste 
(p. 244), gives an analysis of this incrustation, together with analyses of 
the fresh waste and the drainage from a waste heap. 

Fortunately, the prevention of such a discharge is a profitable 
operation, as the sulphur the waste contains can be recovered either in 

Table LXL 
ALKALI WASTE AND DRAINAGE. 
{BesvMa expressed as percentages. ) 



Total sulphur .... 
Sulphur as sulphate . 
Sulphur as sulphide . 
Oxidisahle sulphur (by difference) 
Carbonic acid . . . . 

Coke 

Siliceous matter . . . . 
Oxide of iron and alumina . 

Lime 

Magnesia 



Alkali 
Waste. 



10-50 
9-67 
01 
0-83 
7-99 
6-07 

18-82 
1-20 

21-28 
0-28 



Incrusta- 
tion. 


Drainage. 


2-90 


0-268 


1-87 


0-086 


0-07 


0-078 


1-08 


0-282 


16-60 


none 


1-82 


none 


10-86 


0-002 


077 


0-006 


22-90 


0-800 


0-64 


trace 



the solid form or as sulphuric acid. The best known method of recovery is 
that of A. M. Chance, in which the waste is treated with carbon dioxide, 
made by heating limestone in kilns, and the sulphuretted hydrogen thus 
liberated is burnt either to sulphur dioxide by giving a sufficient supply of 
air, or to sulphur by giving a limited supply of air in presence of heated 
ferric oxide. This process is especially applicable to the fresh waste, but 
can also be applied to the liquid draining from an old heap ; but, as with 
spent shale heaps, the old black ash waste will continue for many years to 
yield polluting drainage waters, which gradually become more dilute imtil 
the sulphur they contain does not pay for recovery. 

Fortunately, also, the Leblanc process is not now that most commonly 
used for the preparation of carbonate of soda, as the Solvay ammoniarsoda 
process, in which the alkali is produced by passing ammonia gas together 
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with carbon dioxide into a strong brine, has to a great extent taken its 
place. The only refuse from this process is the mother liquor, containing 
chloride of calcium, from which the ammonia has been distilled. This is 
usually run on to waste ground, where the lime salts are deposited after 
the evaporation or percolation of some of the liquid. The water draining 
from such a deposit is exceedingly hard and may be injurious to a stream 
in that respect, but it is not offensive like the refuse from the Leblanc 
process. Recently this waste chloride of calcium liquor has been brought 
into use for the prevention of dust on roads. 

Another still more modern process of manufacture is the best from the 
point of view of rivers pollution, for it produces no waste waters. In it 
the alkali is prepared by electrolysing brine, when chlorine is given off at 
one pole and caustic soda is produced at the other. 

Soap Making. — Curd soap is made by boiling up an oil or fat with an 
aqueous solution of caustic soda, when the fatty acids of the oil combine 
with the soda to form a soap, leaving a solution of glycerine in the water 
present. By the addition of large quantities of common salt either in the 
solid state or as strong brine, the soap is then separated in the form of a 
curd, and from this the "spent lye" is drained off. This liquid at the 
time of the 1868 Commission (First Report, p. 103) was discharged as 
refuse, but the Commission pointed out that it contained large amounts 
of glycerine, for which there was an increasing demand, and that the 
glycerine could easily be recovered from the spent lye by concentration 
and distillation. This recovery of glycerine has now become the most 
profitable part of the soap-maker's trade, but as a rule, at least in the 
smaller soap works, the crude spent lye is sold to a chemical manufacturer. 
In such a case the discharges from the manufacture of curd soap should 
be confined to dirty waters which have been used for washing floors and 
utensils, and these are only small in amount. 

In the manufacture of soft soap caustic potash is boiled up with an 
oil or fat, and the resulting product forms the soap, so that there is no 
spent lye to be disposed of, and the only waste waters are those from 
washing, which can easily be purified by precipitation with lime in settling 
tanks and straining through fine cinder filters. 

One process commonly in use at soap works may give rise to polluting 
discharges. This is the causticising of the carbonates of the alkalies with 
lime in the manner described on p. 88. From this process there may be 
a discharge of spent lime, but, as previously shown, this can only occur 
through carelessness or mismanagement. 

In the larger soap works the spent lye from the making of curd soap 
is concentrated and sometimes distilled for the extraction of the salt and 
the purification and recovery of the glycerine. The crude spent lye, 
which contains about 7 per cent, of glycerine and an equal amount of 
common salt, as well as albuminous, resinous, and soapy matters, is first 
slightly acidified w^ith hydrochloric acid to separate any grease it contains. 
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It is then treated with an iron alum salt or alumino-ferric to precipitate 
albuminoid organic matters, which are removed by passing the mixture 
through a filter press. The acid filtrate is rendered slightly alkaline with 
caustic soda, which causes the deposition of further impurities, and these 
again are removed by filter pressing. The lye thus purified is concen- 
trated in a multiple effect evaporator until most of the salt it contains 
crystallises out, and the glycerine present amounts to some 80 or 82 per 
cent. If a purer glycerine is required it is obtained by distilling the crude 
product in a vacuum still, by extracting it with a solvent, or by dialysis. 

The waste waters produced by the evaporation process are the • 
condeusings (see Table LXII.) and the residue remaining after distilla- 
tion, together with any water which has been dirtied in washing the floors 

Tablb LXII. 

RIVER WATER BEFORE AND AFTER USE FOR CONDENSATION OF DISTILLATE 

FROM CONCENTRATION OF SPENT LYE. 

{BesuUs esspressed in parti per 100,000. ) 



■ 


Total 
Solids. 

42*8 


Solids in 


Solids in 


Nitrogen. 


Oxygen ah- 
sorhed from 

^ perman- 
80 

ganate in four 

hours at 

26 7' C. 










Suspension 

(dried at 

100' co- 


Solution 

(dried at 
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and apparatus. The residue after distillation is best disposed of bj 
placing it on the ash heap, while the other refuse can be purified either 
by application to land or by precipitation with lime and straining through 
cinder filters. 

Grease Extraction. —In connection with the wool trade, in which, as 
has been explained, large quantities of greasy and soapy liquors are 
treated for the recovery of the fats they contain, a subsidiary branch of 
trade has arisen for dealing with these liquors and fats. The grease 
extractor generally provides and works seak plants, such as those de- 
scribed on pp. 112 and 175, at mills where wool- washing or piece-scouring 
suds are discharged, and removes to his own premises the puddings of 
magma or greasy sludge. These puddings are put into a steam-heated 
mechanical press and subjected to great pressure, sometimes as much as 
2 tons to the square inch. By this means most of the water and oil are 
expressed, and these are received into a grease separator or large cask 
where the black oil separates from the water. The water is drawn ofif 

14 



2IO 



TRADE WASTE WATERS. 



from the bottom of the cask and passed through one or more additional 
separators to intercept as much of the oil as possible. As it escapes it is 
still a very impure liquid (see Table LXIII.), highly acid in reaction and 
carrying with it appreciable amounts of oil in emulsion. The oil from the 
separators is partially purified by being heated up with somewhat dilute 
vitriol, and in some cases with oxidising agents, such as manganese dioxide 
or oil of mirbane, and is again settled to separate it from the acid liquid, 
which is run off as refuse. 

Table LXIII. 
REFUSE FROM GREASE EXTRACTION AND DISTILLATION. 

{Results expressed in parts per 100^000. ) 
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The grease extractor generally also buys from the cloth manufacturer 
the oily waste or shoddy, which is produced in the carding operation. 
This contains variable amounts of grease, sometimes as much as 25 or 30 
per cent., and is treated in a steam press similarly to the magma puddings, 
the mixture of oil and water which escapes from the press being treated 
as described above. For this extraction of grease from shoddy waste an 
apparatus like that of the Industrial Waste Eliminators Ltd. (see p. 104) 
or Smith's Patent Vacuum Degreasing Machine (see p. 124) would seem 
to be very useful. 

The liquid refuse escaping from these processes (see Table LXIII.) is 
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fortunately not large in amount, and the quantity can often be reduced 
by using the acid liquid from the magma presses to moisten the shoddy 
before it is pressed. The treatment required by these acid liquids is that 
suggested for the purification of the effluents from seak tanks, namely, 
neutralisation with lime, settlement, and filtration. 

The magma cake from the presses of the grease extractor is usually 
sold, for making artificial manure. It still (see Table LXIV.) contains 
from 15 to 25 per cent, of grease, and this, besides being wasted, is actually 
detrimental to the use of the cake as a manure, since it makes it 



Table LXIV. 
MAGMA AND PRESS CAKE FROM RECOVERY OF GREASE. 

{RestUts expressed in parts per cent, ) 
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impervious to water, less easily broken down by weathering, and much 
more resistant to decomposition. Of late years, therefore, the grease 
extractor has brought into use a solvent process for recovering this 
grease, such as was suggested by the Royal Commission of 1865 in their 
Third Report (p. 34). The solvent used in the first instance was bisul- 
phide of carbon, as suggested by the Commissioners, but this has now 
generally given place to petroleum naphtha. The magma cake, after being 
dried by exposure to the air, or in an apparatus like the Ruggles-Coles 
drier, is broken up and placed in a digestor having a capacity of 3 to 5 
tons. The solvent is then pumped on to the top of the mass of cake and 
allowed to percolate through it, extracting grease in its passage, and the 
process is repeated two or three times : or heat is applied to the solvent 
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in the digestor, and in the evaporation and condensation which results the 
solvent permeates the whole mass of cake, dissolving out the grease very 
thoroughly. 

After the solvent has been drained off from the magma cake the 
remainder is driven oiF by live steam and condensed for re-use. The 
mixture of solvent and grease drained from the digestors is run into a 
still, where the solvent is distilled off, first by steam coils and finally with 
live steam, and is also condensed for re-use; while the crude grease is 
further purified by heating along with sulphuric acid, as described above. 
The magma cake by this treatment is to a great extent deprived of 
moisture and freed from grease, and, since it contains considerable amounts 
of nitrogen, forms an excellent basis for the manufacture of artificial 
manure. It will generally be found that the moisture remaining amounts 
to 10 per cent., and the grease to 5 or 10 per cent. 

The only liquid refuse discharged from the above process, except the 
small amount of acid water separated from the grease, is the water con- 
densed along with the solvent, from which it is separated by simple 
settlement. An analysis of this is given in Table LXIII. Even if great 
care is taken, there is danger that the solvent may escape along with the 
water, and it is therefore never safe to discharge this refuse into a sewer, 
where it might be the cause of a serious explosion. The amount of 
solvent thus gradually escaping is not inconsiderable, inasmuch as there 
is a loss of a gallon to a gallon and a half for every ton of cake treated, 
and much of this escapes along with the water, although by using a proper 
condensing apparatus for the solvent, such as that of Heinrich Schirm, 
Leipzig-Plagwitz, the loss may be reduced to 0*5 per cent, of the weight of 
cake treated. 

The black oil recovered by the grease extractor is often used up again 
in the woollen mills, from the refuse of which it has been recovered, and 
in some cases the complete cycle of processes is brought into use by the 
manufacturer himself, who thus uses the same oil over and over again, and 
only buys sufficient to replace that which is unavoidably lost in the various 
operations. In the manufacture of woollen goods, when the piece-scour- 
ing suds and the shoddy from the carding are both treated for the 
recovery of grease, the amount recovered, without reckoning that extracted 
from the magma cake, has in several cases been found to reach over 70 
per cent, of that originally used. . 

Qrease Distillation. — A large proportion of the crude grease recovered 
by the grease extractor is sold by him to the oil refiner, who subjects it 
to a process of distillation. The products of distillation are (1) a small 
quantity of hydrocarbons, which are usually returned to the still with the 
next charge ; (2) the bulk of the oils which, by cooling and pressing, are 
separated into a liquid oil mainly consisting of oleic acid and a solid which 
consists in great part of stearic acid ; and (3) a residuum of liquid pitch. 
The mixture of liquid oils is chiefly used again in the wool trade; the 



MISCELLANEOUS TRADES. 213 

stearic acid is sold to the candle maker, or for making polishes or 
cnrrying leather; and the pitch is used for the insulation of electric 
cables or as a lubricant for heavy machinery, especially for the necks of 
rolling mills. 

The only waste liquid from greiase distilling comes from the final 
condenser, through which a spray of water passes in order to condense 
the gases which escape from the process of distillation. This water, being 
charged with the gases, becomes exceedingly offensive, having a strong 
smell of butyric acid and similar compounds. It also carries with it 
particles of grease, and if discharged to a stream may give rise to great 
nuisance, both because of its smell and because it coats the banks of the 
stream with greasy matter. Analyses are given in Table LXIII. 

If this liquor is received into a tank of sufficient capacity to allow it 
to cool, the grease it contains rises to the surface and can be skimmed off 
and recovered. Even if the grease is thoroughly removed in this way, 
the water remains very offensive, and, having a high oxygen-absorbed 
figure, is still very unfit to be discharged to a stream. It can, how- 
ever, be purified by precipitation with bleaching powder or some other 
oxidising agent, followed by settlement and treatment upon a percolating 
filter. In Table LXIII. the results of experimental precipitation and 
filtration of this kind are given, and it will be seen that the oxygen- 
absorbed figure has been reduced over 80 per cent. The effluent after 
this treatment was free from obnoxious smell. 

The Discharge of Oil in Condensing Water.— In the exhaust steam 
from a steam engine, there are invariably small quantities of lubricating 
oil which the steam has carried with it from the cylinder. Where the 
condensed steam is discharged into a small stream, or where there are 
similar discharges from a number of mills in close proximity, the effect on 
the stream may be very marked, sometimes to the extent of producing a 
thick scum of grease over the whole surface of the water. There is also 
frequently an escape of grease from a mill where it has been carelessly 
used in lubricating the various parts of the engine and other machinery. 
These discharges of grease are for the most part due to carelessness , 
in the best mills with modern machinery, care is taken to trap all these 
greasy discharges and to recover the oil for re-use. 

That which is carried by the steam can be prevented from escaping 
by interposing a trap such as the Princeps Oil Extractor of Princeps & 
Co., Sheffield (see Fig. 37a) ; the Empire Oil Separator of the Empire 
Engineering Co., Salford ; or Brooke's Oil Separator of Holden and Brooke, 
Ltd., Manchester. These are contrived to extract the oil from the steam 
before it has become mixed with the condensing water. They all consist 
essentially of a cylinder or chest, through which the steam is passed, con- 
taining a large number of baffle plates upon which the steam impinges and 
to which the particles of oil adhere. These particles coalesce into globules 
which run down the baffle plates and collect in the bottom of the cylinder. 



|^!|^^S|mi;^V«V^^ttt''Mi^il^B^^>^ to the pass^e of the steam. 




has become mixed with the 

_ totally different. If the oon- 

ii|;S^;^^ of sufficient size to allow it to 



MISCELLANEOUS TRADES. 21 5 

oool, the emulsified grease rises to the surface and can be retained by 
means of scumboards ; or patent processes can be used, for instcgice, either 
chemical precipitation by means of lime and salts of alumina, in which 
case the grease is not recovered, or an electrical process, such as that of 
Davis Perrett Ltd., Westminster, in which by passing an electric current 
through the water, the grease is separated, and may be saved for re-use. 
One of these methods is usually employed where the condensing water is 
required again for steam raising. It is estimated that a layer of oil 
O'Ol inch thick offers as much resistance to the passage of heat as a 10- 
inch steel plate (Buchan, Memorandum on Steam Boilers). 

Tar Distillation. — In the manipulation of tar for the purpose of 
separating it into its several constituents, and in purifying these, there 
are various discharges of waste- water which are of a highly polluting 
character. These liquids are generally more or less dark brown and 
turbid and contain tarry matters, together with either acid or alkali which 
has been used in the processes. 

In distilling tar the "first runnings" from the condenser contain 
ammoniacal liquor which is afterwards separated from the admixed 
naphtha to be distilled for the recovery of ammonia. As the tar 
distillation proceeds and the temperature rises the various oils coming 
from the condenser are collected in separate receivers and are known as 
light oil or "second runnings," carbolic oil, creosote oil, and anthracene 
oil, leaving a residue of pitch in the stilL Towards the end of the 
distillation steam is forced through the tar, and this condenses along with 
the creosote and anthracene oils. 

From this distillation of tar, therefore, it will be seen that there 
are two sources from which waste waters arise — the distillation of the 
ammoniacal liquor, yielding refuse the treatment of which has been fully 
dealt with in Chapter III., and the condensation of the steam passed 
through the tar in the still. 

All tar works do not adopt the practice of collecting the various 
fractions of distillate noted above, but such may be regarded as a very 
complete process. The further purification and rectification of the various 
oils give rise to polluting liquids, but it will sufiice here to deal only with 
those processes which are in more or less general use. Moreover, some 
of the fractions obtained as above are sold and used for various industrial 
purposes in this country without any further purification, for example, 
the creosote oil for the recovery of benzol from coke oven gases, and some 
are only partially purified and sent to Germany for use in the large colour 
works there. 

The first runnings after the separation of the ammoniacal liquor, the 
light oil, and the carbolic oil, are washed with caustic soda, containing 
about 10 per cent. Na^O, which dissolves out phenols and cresols, and 
these are again liberated as oils by passing carbon dioxide through the soda 
solution. This process yields a solution of sodium carbonate, which can be 
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ooDcentrated in an evaporator such as is described in Chapter XI., p. 275, 
and causti^ised for re-use, as described on p. 88, and this causticising 
process, if properly managed, does not give rise to any polluting discharge. 

The oils, after treatment with caustic soda, are treated with dilute 
sulphuric acid (2 to 5 per cent.) to dissolve out pyridine and other basic 
tar oils, and are then washed with water and distilled and collected in 
various fractions. During this distillation process steam is passed into 
the still and condenses along with the oils, from which the water is after- 
wards separated and run to waste. The various fractions of oil thus 
obtained are treated with concentrated sulphuric acid to remove thiophene 
and other sulphur compounds, as well as unsaturated hydrocarbons. 
They are then washed with water and finally distilled with steam. 

The acid solution containing the pyridine is used instead of sulphuric 
acid in the saturator of the sulphate of ammonia plant, when the ammonia 
liberates the pyridine, which is either skimmed off or condensed from the 
gases leaving the saturator. The acid washings are neutralised with soda, 
when the emulsified oil separates and is skimmed off, the neutralised liquid 
being discharged as waste. 

There are thus at this stage the concentrated acid and washings to 
dispose of, and the condensed steam from the stills. When the acid is 
diluted with the washings, tarry matter separates and can be skimmed 
off, and the acid can then be used for dissolving out the pyridine, as 
above, or in the sulphate of ammonia plant. 

It will thus have been gathered that there are numerous processes in 
which water is fouled, much of the refuse coming from distillation pro- 
cesses in which steam is blown through the still, but the bulk of it being 
spent gas liquor, or water which has been used for washing the various 
products. Each discharge of waste water is only small, but together 
they amount to a considerable volume, and must be treated before being 
allowed to reach a stream. For this purpose large settling tanks fitted 
with a series of scumboards should be provided. As the refuse cools, oily 
matters either sink or rise to the surface and are deposited in the tanks or 
retained behind the scumboards. The tank effluent, if treated with lime 
along with a salt of iron or aluminium, or with chlorine, which partly oxi- 
dises offensive gases and partly precipitates some of the dissolved matters, 
may be afterwards purified by means of a percolating filter (see pp. 64 
and 269). Analyses of various discharges are contained in Table LXV. 

Beflnixig of Mineral Oil. — The working up of petroleum and shale oil 
differs very little from the processes adopted at tar works, and the refuse 
may be disposed of in the same manner. 

Tar Spraying of Roads. — In recent attempts to prevent the dust 
niusance on roads, tar spraying of the surface has come into very general 
use, and this has from time to time caused considerable pollution of 
streams, with resulting poisoning of fish. If the tarring is followed by 
a period of dry weather no harm generally results, as all the poisonous 
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2t8 trade waste waters. 

materials are absorbed ; but if, soon after the tarring, there happens to be 
heavy rain, the soluble matters of the tar are washed out, and may cause 
great destruction of fish life in any stream which they reach. 

The whole question has been very fully discussed by W. J. A. Butter- 
field, F.I.C., Assoc. Inst. C.E., in a paper given in The Surveyor^ 1912, 
vol. 41, p. 277. He shows that the poisonous constituents of tar are the 
ammonia liquor and the tar oils and their associated bodies, and that it is 
easy to obtain tar suitable for spraying on roads, and freed from the bulk 
of these poisons by partial distillation or boiling. He suggests that it is 
safe to use a tar which 

1. is of not lower specific gravity at 15° C. than 1*18 ; 

2. contains not more than 1 per cent, of water or gas liquor, the 

ammonia in which is equal to not more than 5 grains per 
gallon of tar ; 

3. contains not more than 1 per cent, of light oils, and 

4. contains not more than 3 per cent, by volume of crude tar acids. 
Olne, Size, and Oelatine Biannfacture. — The refuse which comes 

from the manufacture of glue, size, and gelatine is exceedingly polluting 
in character and may give rise to great nuisance. These products are 
extracted from animal tissues such as bone, skin, horn, and hoof by 
boiling with water, but from this extraction process there is no liquid 
refuse. In the preparation of the raw materials, on the other hand, and 
in the washing of utensils, considerable quantities of water are fouled, and 
as this carries with it large amounts of animal matter in solution and 
suspension, it is of a highly polluting character. For the description of 
the kind of refuse produced it may suffice to explain the processes adopted 
and to give analyses of the refuse in a particular instance. 

In this case the raw materials are spetches from the tanyards, horns 
and bones. The spetches or waste bits of skin, including the ears and 
lips from the hides, come from the tanyard highly impregnated with the 
lime in which the skins have been soaked previous to dehairing (see 
p. 72). They are steeped in a tank containing weak hydrochloric acid 
to get rid of the lime. The horns and bones require the same treatment 
to extract the calcium phosphate they contain, and all the materials are 
washed in water to cleanse them of dirt. The cleansed materials are then 
boiled in vats with a sufficiency of water; the fats which separate are 
skimmed off, and after prolonged boiling the resulting liquor is run off 
and concentrated in vacuum pans sufficiently to set into the well-known 
cakes of glue, or into jelly-like size, on cooling. The residue from which 
the gelatinous matter has been extracted is dried and made into artificial 
manure. 

In this case the manufacturer makes soap out of the fat recovered 
from his boiling pans, and as the quantity of hard soap made is not great, 
he does not trouble to recover glycerine from the spent lye, which is 
discharged as refuse. 
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From these premises, tKerefore, the trade refuse consists of water 
which has been used for washing the raw materials ; the waste liquor from 
the extraction of lime from the spetches, which contains large quantities 
of chloride of calcium in solution ; water which has been used for washing 
floors, vats, and casks ; and occasional discharges of spent lye when soap 
is being made. The analyses of this refuse before and after treatment are 
given in Table LXVI. 

Although the refuse is so grossly polluting in character, it is fortunately 
amenable to treatment, being readily purified by chemical precipita- 
tion and biological filtration. By chemical precipitation with lime and 
alumino-ferric the oxygen-absorbed figure was reduced from 22*4 to 
14 '5, showing a purification of 35 per cent., and this precipitated liquor, 
when applied to the experimental filter, described on p. 117, at the rate of 
35 gallons per cube yard per day, yielded an effluent with an oxygen- 
absorbed figure of 1*7, showing a purification of 92 per cent, on the crude 
refuse. This effluent contained nitrates and did not putresce on keeping. 

The refuse at the premises under consideration was for a long time 
treated by chemical precipitation and irrigation upon land, but, especially 
in summer, many complaints were made of the smells from the flooded 
land, which was indeed neither of sufficient area nor of suitable character. 
Since the above experiments a filter similar to that described on p. 271 
has been provided in place of the land treatment, yielding resiilts which 
are shown in Table LXVI. It will be seen that the tank effluent con- 
tained far more suspended solids than should have been allowed to reach 
the filter, but that notwithstanding this the reduction in the oxygen- 
absorbed figure is very marked. 

Slaughtering of Animals, Bone Boiling, Tripe Dressing, Trotter Boiling, 
Tallow and Dripping Preparation. — From all these processes there is a 
discharge of dirty water very similar to that coming from the manufacture 
of glue and size, a liquid, strongly impregnated with animal organic matter, 
and extremely liable to undergo offensive putrefaction (see Table LXVII.). 

The blood obtained when animals are slaughtered should never be 
discharged along with the refuse waters, as it is valuable either as a food 
or as a manure. But even if care is taken to prevent the escape of any 
blood, the water used for swilling the slaughter house is highly polluting, 
and needs much the same treatment as strong domestic sewage to make it 
fit to be discharged into a stream. At large slaughter houses the recovery 
of grease from the refuse water is found to be profitable, and perhaps the 
simplest method in use is a Kremer apparatus such as will be found described 
in Dunbar's Principles of Sewage Treatment (p. 63), and can be seen in 
operation at the Withington Sewage Works of the Manchester Corporation. 

Apart from the recovery of blood and fat, the liquid refuse from all 
these trades can be dealt with in the same way as has been suggested for 
the refuse from the manufacture of glue and size. 

Dairy and Oreamery Beftise. — The processes carried on at a dairy are 
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somewhat variable, but may include separation of cream, butter making, 
cheese making, the Pasteurising of milk, and the preparation of casein and 
milk sugar. Since fresh milk is the raw material in all these processes, 
and since it is so liable to undergo fermentation, the necessity for keeping 
all utensils scrupuloiisly clean will be obvious — indeed, the washing waters 
from floors, cans, centrifugal machines, and other apparatus form the bulk 
of the liquid refuse. 

In many dairies the only operation is the separation of the cream from 
the milk, the former being sold and the latter being returned to farmers 
for feeding calves and pigs. 

Where a cream separator is used the interior of the machine becomes 



Tablb LXVII. 

REFUSE FROM SLAUGHTERING OF ANIMALS, AND FROM BOILING OF TRIPE, 

OOW-HEELS, AND TROTTERS. 

{Hesults expressed in parts per 100,000,) 



From 



Slaughter house (dean 
ing entrails) 

Slaughter house (killing 
cattle and sheep) 

Tripe boiling . 

Tlrotter and cow-heel 
boiling . 



Total 
Solids. 



Solids in 

Suspension 

(dried at 

100" C.X 



Total. 



49608 698*6 



2232-2 
1061-6 

601-6 



367-4 
369-6 

110-6 



Ash. 



886-6 

64-4 
12*4 

6-8 



Solids in 
Solution 


Nitrogen. 


(dried at 
100* C). 


• 

1 
1 

a 

•*< 

18*1 


Albuminoid 
(Wanklyn). 




Total. 


Ash. 


4271-2 


8800*2 


33-7 


77*6 


1864-8 


610*6 


42-6 


82*0 


102-0 


6020 


64*4 


4-4 


88-6 


1007 


301-0 


20-6 


11*6 


86-4 


71-4 



Oxygen ab- 
sorbed from -— 
80 

permanoanate 

in four hours 

at 26-7" C. 



Total 

87*0 

108-0 
60*6 

81-0 



FUtrate. 



46-4 

148*6 
62-0 

21*8 





.g 


Fatty 


"It 


Matter. 


S ^"3 




sod 




5 S * 




& 




s-^ 


62-0 


80-0 


80-6 


243*0 


146*8 


nil 


24*2 


nU 



coated with mucus, blood, and other impurities from the milk, but these 
substances should not be washed off and discharged with the rest of the 
liquid refuse. They should be scraped off and thrown upon the manure 
heap, or boiled up in food for pigs. 

In butt-er making the cream which has been separated from the fresh 
milk is churned to cause the fat globules to separate from the film of milk 
fluid with which they are surrounded, and to aggregate together. The 
skim milk is either sold as such or used for feeding calves, or for the 
preparation of cheese or casein, while the butter milk separated from the 
butter in the chum is used for feeding pigs. The butter is next washed 
with cold water, drained, salted, and prepared for market. 

In cheese making the casein of fresh or skim milk is precipitated by 
rennet, and carries down with it most of the fat. The curd is washed, 
compressed, and ripened into cheese, while the whey is either fed to pigs 
or used in preparing milk sugar. 
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In the Pasteurising of milk the only refuse is derived from the washing 
of the vessels and apparatus which have been used in the process. 

Casein is prepared from fresh milk or from skim milk by adding an 
acid to the diluted milk and collecting the precipitate thus formed. The 
liquid remaining is usually discharged as refuse, or it may be utilised in 
the same manner as the whey from cheese making. 

Milk sugar or lactose is prepared by evaporating whey, clarifying the 
evaporated liquid with an aluminium salt, and further evaporating imtil 
the sugar crystallises out, leaving a mother liquor which is highly charged 
with organic matter. 

The apparatus used in all the various processes must be kept thoroughly 
clean, and this is accomplished by washing with hot water to which a little 
soda has been added for the purpose of saponifying any fatty matter 
adhering to the vessels. Dairy refuse thus possesses the character of 
diluted milk, and is very liable to undergo acid fermentation and give off 
offensive odours from the butyric acid produced. If discharged into a 
small stream it gives rise to abnormal growths, which cause a great 
nuisance when they decay. The volume produced is estimated by Dr F. 
Guth {Gevwndheitsingenieury 4th March 1911)atlto3or more gallons for 
every gallon of milk treated at the dairy, and according to this author 
the composition of the refuse from the centrifugal machines and cheese 
making, and from the washing of milk cans, may be somewhat as follows : — 

Tablb LXVIII. 

DAIEY REFUSE. 

(ReiuUs expressed in parts per 100^000, ) 



Oxygen absorbed from — - permanganate in ten 
minutes* boiling (Eubel) 

Loss on ignition of total solids 

Nitrogen (Kjeldahl) 

Milk sngar .... 

Fatty matter .... 



Refuse from 
Washing of 
Milk Cans. 



Mixed Refuse 
from Centri- 
fugal Machines 

and from 
Cheese Making. 



9-3 to 45-6 15*4 to 101*9 



38-1 to 71^2 

2-4 to 6-1 

10-9 to 16-9 

15-9 to 20-9 



49-2 to 278-8 
5-8 to 11-8 



Table LXIX. contains analyses of samples of refuse from a dairy where 
milk is Pasteurised, and also from a dairy where butter and cheese are made. 

So long as the dairy is in connection with a farm there need be no 
difficulty in disposing of the refuse, as it can be distributed over the surface 
of grass land. At the Manor Farm, Garforth, in connection with the 
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University of Leeds, where on an average 50 or 60 gallons of milk are used 
daily for butter and cheese making, the refuse amounts to some 400 gallons 
per day. This is passed through a tank of 1200 gallons capacity, where 
it is mixed with the domestic sewage from the farmhouse, and the tank 
effluent is applied to half a rood of grass land, where it is absorbed. 

Small dairies are, however, giving place to larger, in which the milk 
from several farms, amounting perhaps to 2000 or 3000 gallons daily, is 
dealt with, and the disposal of the refuse then becomes a problem which 
demands consideration. 

Where a requisite area of suitable grass land is available the retuse is 
easily disposed of by irrigation, but probably not more than about 5000 
gallons per acre of moderately strong refuse can be disposed of in this 
manner every day. According to Calmette {Recherches, vol. 7, p. 337) 
precipitation with lime or bleaching powder and settlement in tanks 
provided with scumboards, preliminary to the land treatment, diminishes 
the risk of nuisance. Treatment with bleaching powder or some other 
oxidising agent is specially to be recommended, as it destroys the butyric 
acid which is the chief cause of the offensive smell such refuse is liable 
to give off. ' 

Experiments on the biological treatment of the refuse by means of 
septic tanks, followed by either contact beds or percolating filters, were 
undertaken at the Ballyrashane Creamery near Coleraine in 1902 under 
the direction of the Department of Agriculture and Technical Instruction 
for Ireland (see the Journal of this Department, March 1904, vol. ,4, 
No. 3, p. 511). The septic tank was constructed large enough to hold nine 
or ten days' flow of the refuse, and was covered with tarred planks and 
18 inches of soil, and each of the contact beds was sufficient to hold the 
daily flow, the first being filled with very coarse coke and the second with 
coarse gravel. In the septic tank the oxygen-absorbed figure of the refuse 
was reduced from 180 to 48 parts per 100,000, whilst the contact beds 
further reduced this figure to 13, a total reduction of over 92 per cent. 
No nuisance or odour of any kind was, it is said, produced from the works. 
The percolating filter was constructed of coke, but its effect was hampered 
by faulty distribution ; it did not produce quite as good an effluent as the 
contact beds, but no attempt was made to remove the suspended matters 
contained in the effluent. The Department came to the conclusion that 
contact beds are preferable to percolating filters as being less liable to give 
off any odour ; but with tanks of smaller size and the use of some oxidising 
agent the risk of nuisance from the percolating filters would certainly have 
been greatly reduced, if not obviated. 

The effect of septic treatment has also been tried by Bowles {Engineering 
Record, 1911, vol. 64, p. 419), who finds that the lactic acid fermentation 
retards purification, but that by keeping the refuse in a septic tank for six 
days a purification of 50 to 60 per cent., judged on the organic matter, 
can be obtained. 
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Kattein and Schoofs (see MUch Zeitung^ 1903, Nos. 7 and 8) have also 
studied the treatment of dairy refuse, and succeeded in treating it success- 
fully at a rate over 50 gallons per cube yard of filtering material per 
day on a filter constructed of clinker somewhat like that described on 
p. 271, whilst Calmette (Eecherckesy voL 5, p. 70) has designed works based 
upon experimental results and consisting of a septic tank and percolating 
filter to treat the refuse of a creamery dealing with 1000 gallons of milk 
daily. 

In America attempts have been made by the Ohio State Board of 
Health and the United States Geological Survey (see Kimberley, Engineering 
Record, 1910, p. 50) to treat creamery refuse by settlement and filtration 
through sand, but the results have not been very satisfactory. The 
effluents obtained were putrescible, but this was due, according to 
Kimberley, to the high rate of filti*ation, although this was only 9 gallons 
per square yard per day. 

In conclusion it may be stated that this kind of refuse can be disposed 
of by application to land, but that where the area is insufficient or the 
soil unsuitable biological methods can be employed, although a double 
filtration may be necessary in some cases. 

Laundries. — It is questionable whether the refuse from laundries can 
legally be considered as trade waste water. Formerly it was the general 
custom for the dirty linen of a household to be washed on the premises, 
when the water fouled in the process could only be looked upon as forming 
part of the domestic sewage. The tendency of recent years is for regular 
traders to establish large laundries in country places near towns and to 
deal there with the dirty linen of the town dwellers. The washing of 
clothes, therefore, which ordinarily would be done by the inhabitants in 
their 'own homes is transferred to an entirely different district and 
concentrated in large establishments. In such cases the refuse discharged 
would undoubtedly appear to be trade waste water, but whether this is 
the legal view will have to be decided by the Courts. The question was 
discussed, but not decided, in the case of Garfield v. The Yorkshire 
LawndrieBy Ltd. (69 J.P. 411). 

The process of washing clothes is too common to need any description. 
The refuse discharged from a laundry is a grossly polluting liquid, often 
stronger than an ordinary domestic sewage. It rapidly putrefies, and if 
discharged to a stream causes profuse offensive growths. In character it 
is almost exactly the same aa piece-scouring refuse in the woollen trade, 
and it can be purified in the same way, either by chemical precipitation 
with lime, alumino-ferric, or calcium chloride, followed by filtration or 
application to land. As with piece-scouring refuse, if the volume of waste 
water is sufficiently large it may be economical to recover the grease. 

Sheep Washing. — This is one of the oldest polluting trade processes 
and, it must be confessed, extremely difficult to deal with in a satisfactory 
way owing to the manner in which it is carried on. In most cases a pool 
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is made upon a small stream, and into this the sheep are driven one by one, 
to be received by a shepherd standing in the water, who seizes each sheep 
by its head and back and moves it rapidly backwards and forwards in the 
water. This washing, aided by the potash salts present in the fleece, 
carries off large amounts of grease, dirt, soluble organic matters, and 
sometimes chemicals, such as carbolic acid and arsenic compounds, with 
which the sheep may have been previously dipped. 

If the stream of water running through the pool is only a small one, 
as is usually the case, for sheep washing is done in dry weather in summer, 
the water which escapes from the pool may become very grossly polluted. 
The Royal Commission of 1868 (Third Report, p. 18) say of one sample 



Table LXX. 

WASTE WATER FROM SHEEP WASHING AND DIPPING. 
{Jiesults expressed in parts per 100,000. ) 



that " it was an extremely filthy liquid, much stronger in its powers of 
pollution than ordinary water-closet sewage." Analyses of samples of a 
stream above and below a washing pool are given in Table LXX. 

It is obvious that no sheep washing should be allowed upon a stream 
the waters of which are used for household supply, and although in other 
cases the pollution of the stream may give rise to considerable injury, for 
instance, by killing fish, as a rule, seeing that the duration of the 
pollution is so short, and that it only occurs *once or twice a year, there 
is no need to take special measures for its prevention. Where necessary 
it may sometimes be possible, while sheep washing is going on, temporarily 
to divert the stream below the washing pool on to a meadow. 

Sheep Dipping. — This is a much more polluting process than sheep 
washing and occurs more frequently, as sheep may have to be dipped 
several times a year in order to meet the regulations of the Board of 





Total 
Solids. 


Solids in 

Suspension 

(dried at 

100' C). 


Solids in 
Solution 


Nitrogen. 


Oxygen absorbed 

frompLperman* 
80 

ganate in four 

hours at 267' C. 


Total Fatty 
Matter. 


Hardness 
terms of Ga 


CO^. 




(dried at 
100' C). 


Ammonia- 
cal. 


Albuminoid 
(Wanklyn). 


Total. 


Permanent 


Temporary. 




Total. 


Ash. 


Total. 


Ash. 


Sheep tooMhing. 




















Stream water above 
washing pool 


26-6 


05 


0-5 


26-1 


15- 1 


• m 


• • 


0-18 


• • 


13-9 


8-1 


5-8 


Stream water below 
washing pool 


41-6 


10-3 


60 


31-8 


23-3 


• ■ 


• • 


206 


■ • 


16-2 


6-3 


8-9 


She^ dipping. 


























Discharge from dipping 
tnb .... 


10880 


803 


66-4 


786-0 


448-0 


10-0 


7-3 


121-80 


266*0 
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■ ■ 


• • 
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Agriculture. Fortunately the discharges are small in amount and can 
easily be prevented from reaching a stream. Sheep dipping is done for 
the purpose of ridding the sheep of insect pests, and the chemicals in 
general use are lime and sulphur, carbolic acid and soap, tobacco and 
sulphur, and compounds of arsenic. 

The dipping is generally done in an elongated wooden tub or cistern 
500 or 600 gallons in capacity, large enough in its deepest part to hold 
a single sheep when floating in the liquid. The tub is filled with the 
dipping liquid and the sheep are passed through it one by one, each in 
turn being immersed by a shepherd standing alongside. As a hundred or 
more sheep may be passed through the same tub of liquid, to which fresh 
chemicals have been added from time to time, it can easily be imagined 
that the contents of the tub become grossly polluted. An analysis is 
given in Table LXX. 

There is fortunately no necessity to let such a liquid escape to a 
stream ; it can be stored up and strengthened for re-use, or if it finally 
becomes too foul, it is so small in quantity that it can easily be thrown 
upon the land at some distance from a stream. The discharge of even a 
small amount of a liquid such as this into a stream may have very 
deleterious effects; for instance, where carbolic acid has been used one 
result may be that .all the fish in the stream are killed out. In fact, a sheep- 
dipping tub should never be allowed alongside a stream. 

Stone Sawing. — In many parts of the country where quarries of sand- 
stone are worked the stone is prepared for sale by being sawn into blocks 
or slabs. The quarried stone is firmly fixed in a frame under a set of 
parallel steel blades (sometimes as many as twelve), which are kept in 
motion backwards and forwards and gradually lowered so as to make a 
series of parallel cuts through the stone. To keep the saw blades cool a 
constant stream of water is directed into the cuts, and steel shot, 
carborundum, or sharp sand is used to assist in wearing a groove in the 
stone. 

From stone sawing, therefore, there is a constant discharge of water 
carrying with it large quantities of fine sand or mud resulting from 
the sawing (see Table LXXI.). This waste water, if discharged to a 
stream, deposits its solids in the channel and makes the stream water 
very muddy. The discharge is fortunately never large in volume, and its 
purification or disposal is easy. In most cases the stone yard is in connec- 
tion with a quarry, and it is often possible to run the waste water into the 
quarry, where the solids rapidly settle, and the water either percolates 
away or is sufficiently clarified to be pumped out with other waters 
drained from the quarry. Where this means of disposal is not available 
a series of settling tanks should be provided equal in capacity to the 
maximum daily flow of refuse, and in duplicate to allow of cleansing. 
Means should be provided for pumping or draining out the clear water 
after settlement of the solids when a tank is to be cleaned, and care 
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should be taken to remove the deposited sand or mud to such a position 
that any water draining from it will not reach a stream. The amount of 
sludge produced from each frame may be roughly estimated at 10 to 
20 tons per annum, and some of this can be ground up with ashes for the 
preparation of mortar. The clarified water can be used over again in the 

Table LXXI. 

STONESAWING REFUSE. 

{Results esyyressed in parts per 100,000. ) 



Nature of 
Sample. 


ToUl 
Solids. 


Solids in Sus- 
pension (dried 
at 100* C). 


Solids in 
Solution 
(dried at 
100' a >. 


Oxygen ab- 
sorbed from 

•vr 

— permaii- 

80 

gaoate in 

four hours at 

26-7' C. 


Hardness (in terms 
of OaOO,). 


1 

Total. 


Ash. 

1024-1 
18-0 

6850-4 
84-9 

1196-8 
1-8 


Totol. 

106-6 
108-5 

19-4 
17-2 

268 
47-6 


Ash. Total. 

1 


By Fll- 
trate. 


Total. 


Permt. 


Tempy. 


I. Crude 
Settled . . 

II. Crude 
Settled. . 

III. Crude 

SetUed. . 

1 


1177-9 
121-6 

7116-0 
531 

1295-4 
49-8 

1 


1072-3 
IS'O 

7096-6 
86-9 

1268-6 
2-2 


81-8 
88-6 

18-6 
11-8 

22-0 
87-4 


7*67 
0*22 

21-80 
0*08 

7-58 
0-10 


• • 

• ■ 

0-28 
0-04 

016 
0-10 


106-0 
94-1 

199*2 
11-2 

29-7 
29-0 


66*0 
62-8 

16-9 
8*6 

14-4 
18*9 


50-0 
81-3 

182-3 
2-6 

16-8 
10*1 



stone sawing, or is usually fit to discharge to a stream, although in some 
cases it may be necessary to pass it through a sand filter. 

The suspended solids in this class of refuse deposit very rapidly, as 
may be gathered from the results obtained by the quiescent settlement of 



Table LXXII. 
RATE OF SETTLEMENT OF STONE-SAWING REFUSE. 



Sludge produced per cent, 
volume 



.by| 



Suspended matter remaining in J 
effluent (parts per 100,000) | 



Xe ■ • • 

II. ... 
III. ... 

I. 1072*3 

II. 7095-6 

III. 1268-6 



1 i 


8 


8 


24 


48 


5*60 


3-45 


8*00 


3-00 


3-00 


• • • 


44*50 


85-75 


28-50 


28*00 


4-65 


8-85 


8-80 


8-76 


8-65 


12-27 


4*67 


4-00 


1-87 


0-80 


• ■ • 


9*20 


8-20 


1*20 


1-40 


22-80 


8*80 


1-87 


0-67 


0-18 



the above three samples of stone-sawing refuse for varying periods which 
are given in Table LXXII. 

Where the suspended solids in the refuse are very fine their deposition 
may be assisted by the addition of a small quantity of lime, as has already 
been suggested in the case of coal-washing refuse containing clay. 
• Sand Washing. — Where sand filters are used for the purification of 
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public water supplies, the surface layer of sand becomes clogged with peaty, 
matter, mud, or vegetable growths, and has to be removed from time 
to time and thoroughly washed in a stream of running water, or in a 
mechanical washer such as that of Greenway, in which the sand is 
propelled along a horizontal tube by means of a series of paddle blades 
and meets a current of water which washes it. This sand-washing water 
is much too impure to be discharged into a stream (see Table LXXIIL), but 
the impurities can easily be removed by effective settlement in tanks or 
ponds, followed where necessary by straining through sand filters. 

Ore Washing. — As the ores of most of the metals such as lead, tin, and 
copper are much heavier than the rocks with which they are associated, 
the two can be separated, when crushed into a coarse powder, by the aid 
of water, in the same way as coal can be freed from shale and pyrites (see 
Chapter II.). The water coming from these washing operations is in all 
cases liable to carry with it large quantities of sand and mud washed out 
of the heavier ore and, mixed with this, more or less of the ore itself. 

Most of these ores are fortunately insoluble in w^ater, so that if the 
solid matters are deposited by settlement the resulting effluent can 
generally be discharged to the stream without producing any effect 
beyond a slight muddiness. In some cases the solids are so finely divided 
that they take a very long time to settle, and any settling tanks provided 
would therefore have to be of great size. In such cases, as has already 
been mentioned in dealing with coal-washing water, settlement can be 
greatly hastened by dissolving small amounts of lime in the water. 

Refuse of this kind was very fully considered by the Rivers Pollution 
Commission, 1868, and is dealt with in their Fifth Report. They suggest 
(p. 49) that such refuse should be allowed to be discharged into a stream 
after having been subjected to perfect rest in subsidence ponds of 
sufficient size for a period of at least six hours, or, if not thus treated by 
subsidence, if it does not contain more than 3 parts per 100,000 of dry 
mineral matter. At the present day quiescent settlement is only rarely 
adopted, tanks being so constructed that the refuse runs continuously 
through them at such a low velocity as will not prevent the solid matters 
from settling. 

China-clay Washing and Grading. — China clay, either from the clay 
pits in Cornwall or in potteries, is cleansed from sand and grit or graded by 
being carried by a current of water through a series of settling tanks or 
channels where the clay is deposited in different grades, according to the 
velocity of the current. It is difficult to settle the whole of the clay, and 
the effluent water is frequently very muddy, and requires treatment just 
as ore-washing waters do. 

In a recent number of the Journal of the Royal Society of Aiis (26th 
January 1912, p. 274), Professor Gee has described a simple form of centri- 
fugal machine (Patent No. 16,188, 1911) for separating china clay from the 
water and at the same time grading it. The apparatus appeai-s to be suit- 
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-able for the separation of solids from liquids in many cases other than the 
one mentioned, and a description may therefore be useful. The apparatus 





Fio. 38.— Gee's Centrifugal (Sectional Elevation). 

is seen in sectional elevation in Fig. 38, and in cross section in Fig. 39. The 
drum A, fitted with a base B, is mounted on a shaft or spindle C, the wholQ 
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being BuspeDded from a ball-bearing of special design at D, supported 
between girders at E. Rotation is imparted by the pulley F, to which a 
hand-brake is fitted at G. The upper end of the drum is closed by a cap H, 
which makes a water-tight joint with the drum at I, when clamped by the 
locking-ring J. This forms a species of bayonet joint. The cap H has a 
hole in the middle, and is held central on the spindle by means of the 
casting K, which is a sliding fit on the spindle, and is connected with the 
cap by the upper ends of the six rods L. At the bottom of the drum at M 
is fitted a weir-plate or diaphragm. Depending from the cap into the drum 
is a kind of cage or ** container," seen best in the section, consisting of six 
vertical square rods LL, to which are attached radial vanes or blades NN. 
These blades extend the whole length of the drum, being connected to the 
cap at the top end, and to a circular plate at their lower end. The con- 




Fio. 39.— Gee's Centrifugal (Cross Sectdon) 

tainer slides easily in the drum, which it divides into six longitudinal com- 
partments. Each compartment is provided with a curved plate P. It will 
be understood that the container is, in effect, a removable lining to the drum, 
on which the recovered solids are received, as shown in the horizontal 
section at Q. The operation of the machine is as follows : — 

The requisite speed (usually between- 100 and 200 feet per second 
peripheral velocity) being attained, the water, containing in suspension the 
solid matter to be separated and graded, is fed in a steady stream through 
the hole in the middle of the cap on to the casting K, which serves the 
purpose of a distributing plate. The centrifugal force generated by the 
rapid rotation causes the water to fly to the wall of the drum and dis- 
tribute itself thereon, so that an inner wall of water is soon formed which, 
when a given thickness is attained, overflows, as indicated by the arrow at 
R, and passes out of the drum through the holes in the bottom, under the 
weir-plate M at S. 

It will be understood that a slow, steady current of water is thus 
set up in the drum in the direction of the arrows, and in passing 
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down the drum the solids in suspension are gradually deposited 
on the plates which line the drum. The coarse or heavy particles 
are very quickly separated, and these are found near the inlet at T. 
The finer particles are carried further along before they become 
separated, until the finest are deposited at U, near the outlet. Conse- 
quently the slab of recovered material ranges from the coarsest at one 
end to the finest at the other, with every possible degree of quality in 
between. The effluent water is said to be quite clear. , When a sufficient 
charge of material has been recovered, the machine is stopped, the cap is 
unlocked, and the container drawn up by lifting gear until the bottom 
plate is within a few inches of the top end of the drum. The curved 
plates can readily be removed, with the slabs of recovered material 
adhering to them ; fresh plates are inserted, the container is lowered into 
the drum and locked, and the operation repeated. Four to five 
" journeys " per hour are made, and each operation in the usual-sized drum 
(3 feet diameter by 4J feet long) recovers about a quarter of a ton of 
graded material. 

Mineral-water Manufacture, Clay Mixing, Flint Orinding, File 
Scouring, and Cntlery (Grinding. — The refuse from these trade processes 
all consists of mineral matters in suspension in water, much of the same 
nature as the discharges from stone sawing or ore washing, and it can 
readily be purified in the same manner. 

Varnish and Paint Manufacture. — The polluting discharges from 
works employed in these trades are chiefly washing waters from swilling 
the floors and utensils, and the most polluting of these is the hot water 
which has been used with soda for cleansing the various receptacles for 
containing the finished products. This latter discharge is only small in 
amount, and can be purified by neutralising with acid and passing it 
through tanks with a series of scumboards for the retention of oily matters, 
followed by straining filters of fine material. The floor-swilling water can 
be passed directly on to the straining filters. 

Beet-sugar Manufacture, Sugar Refining, and Starch Manufacture. — 
These trade processes are not of common occurrence in this country, and 
where they are met with, the refuse is almost always discharged into 
the sea or into tidal waters. The waste waters are highly polluting in 
character, containing large amounts of vegetable organic matters in 
solution and suspension. They lend themselves, therefore, to a final 
purification by biological methods, which can be greatly assisted by 
preliminary chemical precipitation and settlement of solids. The purifi- 
fication of this kind of refuse has received much more attention on the 
Continent than in this country, and it may suflice here to refer to the 
bibliography of the subject at the end of the chapter. It should perhaps 
be mentioned that the treatment of such refuse is not altogether without 
return, as the recovered solids can be dried and used as food for cattle. 

Working of Salt Deposits. — In extracting potassium salts from deposits 
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in Germany in the valleys of the Elbe an^l Weser, a mother liquor is left 
which has caused great trouble by being discharged into these rivers or 
their tributaries. This liquor contains large amounts of magnesium salts, 
and as the river waters are used for the domestic supply of various towns, 
the presence of these salts has been found very obnoxious. This kind of 
pollution, however, is not found in this country, and those who are inter- 
ested may refer to the bibliography at the end of the chapter. Similar 
pollutions, but much less extensive, occur in the separation of common 
salt from brine in the county of Cheshire, and at a few places where 
Glauber's salts are prepared. 

Conclusion. — There are many other trades, such as the making of 
confectionery and preserves, the manufacture of margarine, candle making, 
purification of rubber, and the distillation of wood, which give rise to 
polluting waste waters, but apparently nearly the whole of such trade 
premises are drained to sewers, and in any case where it may be necessary 
to purify the waste waters separately it should not be difficult, guided by 
the information given in these pages, to choose a satisfactory method. 
Although, indeed, methods of purification have been suggested as applicable 
to each of the trade waste waters described, the scheme best suited to any 
individual case can only be devised by bearing in mind the object of all 
these purification processes — the simplest effective method of removing 
objectionable matters. 
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CHAPTER XI. 

PUMPS, SCREENS, TANKS, FILTERS, AND OTHER 

APPARATUS. 

Pnmps — Screens— Simple forms— Longwood Engineering Co.'s screen— Kent's screen — 
Chambers and Hammond's screen — Other forms — Meters— Settling tanks — Prin- 
ciples of construction — Septic tanks — Chemical precipitation - Sludge treatment — 
Burying in trenches— Sludge-drying filters — Sludge pressing — Straining filters — 
Biological filtration — Percolating filters- -Distribution of liquid on filter— Slate beds 
and contact beds — Land treatment — Evaporators and incinerators — Porion 
eviiporator — Scott's multiple-effect evaporator — Taryan evaporator — Kestner boiler 
and e7ai)orator — Scott's revolving incinerator — Conclusion — Bibliography. 

In dealing with the purification of refuse from individual trades and in 
explaining the methods adopted in particular cases, descriptions have 
already been given of many kinds of apparatus used, but it may perhaps 
be useful, and will serve to show that there is in every case a choice of 
methods, if the various operations and the forms of apparatus suitable at 
each stage of the purification process are discussed in detail. 

Pumps. — It is impossible within reasonable limits to describe the 
various forms of apparatus used for raising waste waters and sludge. 
These may be found described in detail in text-books on mechanical 
engineering. It may suffice here to point out that many waste waters act 
injuriously upon the metal of which pumps are ordinarily constructed. 
In many cases, therefore, it is necessary to see that pumps are made of 
gun metal or other acid-resisting material. For lifting sludge, steam 
injectors, such as arc made by Messrs Mather and Piatt, Ltd., Salford, have 
been found useful. They are not to be recommended for continuous work, 
such as, for instance, the pumping of the entire volume of trade waste 
water, inasmuch as their steam consumption is comparatively great ; but 
this objection does not apply to their use for lifting sludge, as that is only 
done at considerable intervals and for short periods. For short lifts 
diaphragm pumps are found very useful for sludge, and where the sludge 
contains fibre or other obstructive solid matter chain pumps can be 
employed. Or, ^ the plan in use at many sewage works can be adopted, 
where sludge is run into an air-tight receiver and blown out by compressed 
air. These few instances may serve to show that it is always necessary in 
choosing a pump to consider carefully the nature of the liquid to be dealt 
with. 
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Screens. — Many kinds of trade refuse contain quantities of fibrous 
matter and coarse solids, and these it is better to remove as a preliminary 
step in purification, as otherwise they may interfere with the proper 
working of pumps, greatly increase the volume of sludge produced by the 
after treatment, or choke up any filters which may be used. 

Where the object of screening is simply to prevent the passage of 
materials which would interfere with pumping, it is generally sufficient 
to partition off the comer of the pump well in which the suction pipe is 
placed by means of a vertical or sloping screen of parallel iron bars, some 
^ inch in diameter and ^ inch apart, and this can be easily cleaned by 
means of a rake. 

The fibrous matter, if recovered by itself, has frequently a substantial 
value, as, for instance, that which accompanies the refuse from piece- 
scouring and waste-cotton bleaching (see pp. 179 and 105) ; while amongst 
the coarse solids, which it is better to remove by screening than to permit 
to pass on into settling tanks, are, for instance, the light and defective 
grains in grain-washing waters and the spent woods in dyewaters (see 
pp. 56 and 130). For the removal of these fibres and other solids several 
kinds of screening apparatus are available. 

One of the simplest arrangements consists of a box, the bottom of 
which is formed of perforated copper. Into this the trade refuse is 
discharged, when the fibrous or other solid matters are retained and can 
be brushed off, the liquid escaping through the perforations. This kind 
of screen is frequently adopted in mills in the wool trade, one being 
placed at the outlet from each washing machine. It is found, however, 
that a great deal of fibrous matter escapes arrest ; in one case as much as 
25 per cent, of the fibrous matter recoverable was found to have escaped 
through such a sieve box. 

A better arrangement is to form the • bottom of the sieve box of 
maltkiln tiles (see Fig. 40), such as are used for the floor of every 
maltkiln. These tiles are usually 12 inches square and 2 inches thick, 
and are made of glazed earthenware with numerous perforations arranged 
in a particular manner. On looking at the under surface of the tile a 
series of holes is seen, about | inch in diameter and j\ inch apart, and 
not penetrating through the tile, but leaving a shell on the upper surface 
about f inch thick, through which small conical perforations are made 
about yV ^^^^ ^^^ diameter at the top, and about y\ inch at the bottom. 
On looking at the upper surface of the tile these small perforations are 
seen in circular groups. When these tiles are used in the sieve box of 
a piece-scouring machine it is found that the liquid part of the scouring 
refuse escapes more freely than through a copper sieve, leaving the fibres 
on the tile, and that these fibres are easily brushed off from the glazed 
surface. , The cost of this form of screening apparatus is insignificant, 
as the price of the tiles is only about a shilling each, and any joiner can 
readily put together the box to contain them. 
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When a screen is provided on the general outlet drain from a mill it 
may take one of the above forms, but more commonly is on a different 
plan. If the drain is a wooden trough a series of iron spikes is often 
arranged projecting upwards into the liquid from the bottom of the 
trough, and on these the waste fibres become entangled, to be removed 
from time to time by means of a rake. Obviously this form of screen 
can only be used for the recovery of fibres of some length, such, for 
instance, as those escaping from wool washing. 



:o o } 



h o °) 






to ® o; 



,'0 ON 

k> o o- 






'6 ^"^^ 



•o o 



^^.Q- 



• o 0! 

0/ 



<'T^ 



^9..<i- 



!0 






S.7 .{,->_ ^«, 0, 



.'0 - A M> <^ 



J o o) U <> °« 



.t>"^>v 



f'O 

•jo ^ 0/ 



'.fl.^' .A-<5 



.•o " o». 



10 o a 






- v% 

ft) or* 






? 



V> ° ol 



<i 



to ® o; 



.•o 



^'b\ -^^.9^' .^'*> '^-P'- 

to o o; 




^.L^i 




Fig. 40.— MaltkilnTlle. 



All the above forms of screening apparatus are gradually being dis- 
placed by automatic and much more effective machines, one kind of which 
has been in use in a simple form for many years at various mills, but has 
been patented in an improved form by the Longwood Engineering Co., 
Ltd., Longwood, near Huddersfield. 

Fig. 41 shows this machine. The liquid to be screened is passed 
through a half cylinder of perforated copper, 144 perforations to the 
square inch, and each perforation ^ inch in diameter. On this screen 
the fibres in the refuse are entangled, and before they have time to pass 
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finally discharged over the top of the rubbing plate into a tray placed for 
its reception. The power required to work a 6-foot screen, which is 
sufficient to deal with a flow of 15,000 gallons per hour, is said not to 
exceed \ H.P., and in one such case the amount of wool recovered is said to 
be 100 lbs. daily. The cost of the apparatus shown in the figure, including 
the settling tank, and large enough to deal with 1000 gallons an hour, 
would be approximately £32, and for a flow of 10,000 gallons per hour £72. 
A single screen to deal with 10,000 gallons per hour would cost about £40. 

Yet another form of automatic screen which has been used for 
screening dye waters is that patented by Mr Pearson and used for many 
years at one of the branches of the Bradford Dyers' Association. A very 
similar screen is described and illustrated in the Mitteilv/ngen aus der 
Kimiglichen PrufungsanstcUt, Berlin, 1908, vol. 10, p. 104, as in use at a 
woollen mill near Berlin, and it has been introduced into this country by 
the Chadwick Machine Co., Ltd., Textile Engineers, Cleckheaton. These 
two screens are in the form of a revolving cylinder covered with perforated 
copper or wire gauze. The refuse is discharged into ttie interior of the 
cylinder, when the water escapes through the perforations, and the fibre, 
caught on the inner surface of the perforated lining, is carried by the 
revolution of the cylinder to a point where in one case it is removed by 
a " doctor " or scraper, and in the other case is blown by compressed air 
or steam on to a conveyor or travelling band which deposits it in a 
receptacle provided for the purpose. 

Two other forms of screen have been described in connection with the 
treatment of grain- washing refuse. 

Meters. — In all cases it is advisable, and in some cases, as, for instance, 
when trade refuse is received into a sewer on terms of payment, it may be 
necessary to use a meter to record the flow. Such a meler should always 
be placed so as to measure the flow of the refuse after the fibre and gross 
solids have been removed by screening, as these would otherwise interfere 
with the working of the meter. In some cases it may be found convenient, 
and it would certainly always give more reliable results, to measure the 
effluent after purification. 

There are many forms of meter on the market. One of the simplest 
is in the form of a single or double tipper (see p. 272), which passes on a 
definite volume each time it discharges. To the axle of the tipper a 
ratchet arrangement is fixed, by means of which the number of discharges 
is recorded, so that it gives a very reliable measurement of the total 
volume passing during any given period. This arrangement is not suited 
to the measurement of large volumes, as the wear and tear on a large 
instrument is very great. 

In the water softener of Lassen and Hjort the contrivance adopted for 
the measurement of chemical precipitants (see p. 260) is actuated by such 
a tipper, and can. readily be made to record the flow of water passing 
through it, as well as to regulate the quantity of precipitant. 
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Another form of meter, more suitable for the measurement of larger 
volumes, is the Lea recorder, made by the Lea Recorder Co., Manchester. 
This is in the form of a tank with a V-shaped notch outlet, provided with 
a float and clockwork recorder which gives the rate and amount of flow in 
a diagrammatic form. The accuracy of this instrument depends upon the 
true setting of a curve upon a metal cylinder, and in all cases it is necessary 
to check this by some other means of measurement, as, for instance, the 
filling of a tank, but when such a check has once been carried out the 
results are very reliable. The cost of an instrument of this kind to 




Fio. 44.— Kent's Meter for Trade Refuse. 



measure a flow approximating 1000 gallons an hour is about £30, and for 
a flow of 10,000 ^lons an hour MO, 

Another form of meter which has been found useful, for example at 
Huddersfield, for recording the flow of trade refuse discharged into the 
sewers, is made by G. Kent, Ltd., and shown in Fig. 44. The refuse is 
made to rise thrpugh an orifice in which a small turbine or fan is placed, 
and by means of the revolutions imparted. to the fan the quantity of liquid 
passed is shown upon a counter. The price of a meter of this kind to 
deal with a flow of 10,000 gallons per hour would be about JBIO, but if a 
mechanical strainer is added, and this is usually necessary, the total price 
would be £25. 

Messrs Kent also make a V-notch discharge recorder ("Irrigation" 
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meter), shown in Fig. 44a, which has been successfully used for measuring 
the flow of trade refuse. 

Kent's Yenturi meter, well known in connection with measuring water 
supplies, can also be used for measuring waste waters, and as the firm have 
recently patented a method of measuring chemical precipitants according 
to the flow, by means of a Yenturi tube, a combination of the two inventions 
may be found extremely useful (see p. 262). A 2 inch recording Yenturi 
meter for a flow of 1000 gallons per hour costs £90, while a 6-inch meter 
for a flow of 10,000 gallons per hour costs £135. 

Other water meters, for example the Helix and the Bee meters, made 
by the Leeds Meter Co., Ltd., for smaller flows, and Glenfleld and 
Kennedy's meter for larger, are also suitable for the measurement of 
refuse waters. 

SettUlig Tanks. — In preceding chapters descriptions and illustrations 
have been given of several forms of settling tank. The most primitive 
form is that of a square or oblong tank, into which the liquids are 
received and allowed to undergo quiescent settlement. This, form is 
still generally used in seak tanks for the recovery of grease from soapy 
liquids (see p. 112). In the Archbutt-Deeley process of Messrs Mather 
and Piatt, Salford, such tanks are also used both for water softening and 
for the purification of trade refuse, but the deposition of the solids is 
assisted by a patent device. Some of the sludge is always retained in 
the tank, and after the tank has been filled with the liquid to be treated, 
and after the addition of the precipitant, this old sludge is blown up by a 
current of air so as to mingle thoroughly with the rest of the tank con- 
tents. By this means all the finer suspended matters are agglomerated 
into particles of larger size, which readily set^tle when the agitation of 
the t-ank contents ceases. The results of this method as applied to the 
refuse from a woollen mill are given on p. 158. 

The adoption of this quiescent form of settlement entails considerable 
attention, inasmuch as someone must be present to close the inlet of the 
tank when it is filled and to let off the liquid contents and the sludge at 
proper times. 

Quiescent settlement is not, however, necessary, for it has been found 
that even when the liquid is passing continuously through a tank of 
sufficient capacity the lessened velocity causes almost complete settlement 
of the suspended solids. When the liquid enters by a pipe inlet and 
escapes by a similar outlet the solids chiefly settle in that part of the tank 
which lies directly between the inlet and the outlet, and the settlement is 
very incomplete unless the capacity of the tank is very large in comparison 
to the flow of liquid. The effectiveness of such a tank is enormously 
increased by causing the liquid to enter over a sill which extends the 
whole width of the tank, and to escape over a similar sill, and this can 
easily be attained by interposing a wooden trough at the inlet and again 
at the outlet (see Fig. 32). This arrangement, as stated on p. 184, 
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equalises the velocity of the current over the whole width of the tank and 
reduces it to a minimum. In such a tank the movement of the liquid is 
for the most part confined to the superficial layer, especially if the liquid 
is warm as it enters. 

As has been frequently mentioned, the waste waters coming from a 
mill vary greatly in character at short intervals, and better results are 
obtained if the various liquids are mixed as thoroughly as possible. This is 
best attained by the provision of a preliminary mixing tank (see p. 140), in 
which some form of stirring apparatus may be provided (see p. 175), or, 
where the liquids have to be pumped, by making the pump well of sufficient 
size ; but the same advantage may be to some extent gained by placing a 
baffling wall or wooden partition across the whole width of the settling 
tank, by means of which the incoming liquid is directed downwards and 
made to mingle with the body of liquid already in the tank (see pp. 184 
and 196). As suggested on p. 197, such a baffle wall should not reach 
down too near to the bottom of the tank, or the incoming liquid will stir 
up and carry along with it some of the solids already deposited. 

The tendency for the movement in a liquid passing through a tank to 
affect mostly the superficial layer has much to do with the settlement of 
suspended solids ; these, as they are carried down by gravity out of the 
more rapidly moving liquid, faH into comparatively quiescent layers, where 
they have increased opportunity of settling to the bottom of the tank. 
This fact is often taken advantage of in tanks of considerable length by 
interposing a submerged wall across the middle. Such a wall reaches from 
the floor to the same level as that of the inlet and outlet sills, so that the 
liquid passes over it in a thin stream, and behind it there is formed a com- 
paratively quiescent pool in which the solids can more readily settle. 

In nearly all cases it is necessary to provide scumboards for the 
purpose of preventing floating solids from escaping in the tank effluent. 
The simplest form of scumboard consists of an 11 -inch plank placed so 
as to float edgewise across the whole width of the tank ; when floating 
freely between guides such a plank will always stand about 2 inches out 
of the water. It should be placed within a foot of the outlet sill, when 
the effluent will escape from underneath it and leave the floating solids 
behind (see Fig. 37). 

In a settling tank such as the above the floor should be formed in such 
a way as to facilitate the settlement of the solids and the removal of the 
resulting sludge. The bulk of the solids, especially the heavier portion, 
settles near the inlet end, and the tank should therefore be deepest at this 
end and should have the sludge outlet here. The floor should have a 
considerable slope towards this end, say 1 in 40, so that the sludge, 
if very liquid, will flow to the outlet, or can easily be pushed down by 
means of a broom or squeegee. 

When a tank is being cleaned it is never satisfactory to deal with the 
liquid contents along with the deposited sludge, and an elbow-jointed 
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sludge although the dry solid matter is not increased. In the latter case 
a ton of sludge containing 90 per cent, of moisture will be increased to 
5 tons if 98 per cent, of moisture is present, although it contains the same 
amount of dry solid matter. 

A new form of settling tank (see Fig. 48) has recently been brought 



10 



8 



6 - 



3 - 



2 — 







10 


20 


30 


40 


50 


60 


70 


60 


90 




roo 


90 


91 


92 


93 


94 


95 


96 


97 


9d 


99 


100 



Fio. 47.— Relation of Weight to Moisture in Sludge. 

into use by L'^puration, Soci^t^ anonyme, 59 Rue de Namur, Brussels, 
in their Vial system of sewage purification and water softening. Tanks 
of this kind have been constructed at Ostend Sewage Works. Each tank 
there is 147 feet long, 16 J feet wide, and has a capacity of 275,000 
gallons, equal to the daily quantity of sewage passing through it. 

The sewage passes into each over a sill extending over the whole 
breadth of the tank, first into a wedge-shaped compartment 15 feet deep, 
where the grosser solids settle, and then over a submerged wall into a 
larger compartment, the bottom of which is of the same depth at the inlet 
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end, but slopes upwards to an outlet sill at the further end. In this 
second compartment eleven submerged walls are provided, each extending 
across the whole width of the tank and to some depth in the liquid, but 
not to the bottom of the tank, and over each of these the sewage flows 
in a shallow stream about half an inch in depth. Scumboards are also 
provided to keep back floating matters. The object of this arrangement 
is to make the sewage flow from one end of the tank to the other in as 
slow and as superficial a current as possible, while the main body of the 
liquid in the tank is kept nearly quiescent, so as to allow of the settlement 
of the suspended solids immediately they fall out of the current, the sub- 
merged walls serving the purpose of checking the current underneath the 
surface and directing downwards the particles of suspended matter. The 
sewage is said to take about fifteen minutes to pass through the tank. 

The sludge is discharged from the tanks by bottom valves under 
pressure of the head of water, three times a day from the first or wedge- 
shaped compartment and continuously in small amount from the second 
compartment. It is therefore necessarily very liquid in character, 
containing about 95 per cent, of water. 

In the tanks already described the main flow of the liquid is in a 
horizontal direction, but it is found that in a settling tank in which the 
liquid is made to flow in an upward direction the suspended solids carried 
in it are more readily deposited or left behind by the current, when that 
is sufiiciently slow. The deposition of the suspended matter with such an 
upward flow is probably in great part assisted by the entanglement of the 
finer particles, which are being carried upward in the current of liquid, by 
the grosser particles as these fall to the bottom of the tank. Perhaps the 
earliest form of upward-flow settling tank is that known as the "Dort- 
mund,'' which was adopted for the settlement of the Dortmund sewage 
about 1886. Many variations of this tank have been introduced, and one 
of the best known is that used at the Birmingham Sewage Works for the 
separation of the humus or fine suspended matter from the effluents of the 
percolating filters, and this, by the kindness of Mr J. D. Watson, is shown 
in Fig. 49. This tank has a pyramidal bottom and is square in the upper 
portion, the liquid entering by a pipe which dips down into the middle of 
the tank, with a velocity at entry of 1 to 2 feet per second. As it emerges 
from the pipe it spreads out laterally and rises in the lower portion 
at a gradually decreasing velocity, until it reaches the upper portion, 
through which it rises at a rate of some 7 feet per hour. This check in 
velocity allows particles in suspension to fall to the bottom of the tank, 
and, in falling, to entangle and agglomerate other particles. The sludge 
thus collected is forced into the sludge pipe by the pressure of the over- 
lying water on opening a valve, and the sludge pipe is arranged vertically 
so that any obstruction can be pushed out by a rod. The settled liquid 
escapes over a series of wide weirs on the wall of the tank, so that the 
velocity of exit is checked. 
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Another tank of similar form, shown in Fig. 50, has recently been 
sanctioned by the Local Government Board at Batley Sewage Works. 
This tank is provided with movable scrapers, worked from a central 
spindle, for detaching any sludge which may adhere to the sloping tank 
wall. Evidently better results could be obtained from this tank if the 
inlet pipe were prolonged downwards and the outlet were in the form of a 
weir or trough. These alterations have in fact recently been made with 
good results, and similar tanks, in which these improvements have been 
adopted, are shown in Fig. 29. 

In another form of tank both the upward flow of liquid and the 




Fig. 60— Ck)nical Settling Tank. 

provision of a submerged wall have been adopted, as shown in Fig. 51. 
Tanks of this kind have been constructed at several of the sewage works 
of the Rotherham Rural District Council, and when made of a capacity equal 
to the average daily flow of sewage passing through them, have been found 
exceedingly effective in removing the solids from a precipitated sewage. 

In Waiters apparatus, shown in Fig. 20, the principle of upward flow is 
adopted, and the advantage of reducing the velocity (see p. 133) is gained 
by dividing the liquid passing through the first tower between the two 
final towers. 

In Mackey's apparatus (Fig. 22), although the principle of upward 
flow is adopted, an object altogether different is aimed at ; the liquid is 
passed into the tank at its lowest point, where the sludge naturally 
collects, so that the incoming liquid must pass upwards through layers of 
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sludge previously deposited, and these entangle the suspended matters 
carried in the liquid, agglomerating the finer particles and converting 
them into coarser solids, in which form they settle more readily. This 
carries out continuously the principle which is carried out intermittently 
in the Archbutt-Deeley process (p. 156). 

An ingenious form of tower for the settlement of suspended matters, 
which avoids the necessity for pumping, is that of the Gesellschaft fiir 
Wasserversorgung und Abwasserbeseitigung, Berlin (see Fig. 52), supplied 
in this country by the Septic Tank Co., Ltd., Westminster. In this 
apparatus, the inlet pipe, the sludge pipe, and the outlet pipe are all 
made to dip into small wells kept charged with liquid, that which receives 
the outlet pipe being at a somewhat lower level than that into which the 
inlet pipe dips. This difference in level is necessary to produce the 
syphonic action upon which the working of the apparatus is based. A 
fourth pipe has its origin in a funnel at the top of the vessel and serves 
for the escape of grease and other floating matters. 

In commencing to use the apparatus the valves at the foot of the 
inlet, outlet, and sludge pipes are closed, while that on the grease pipe is 
opened, water is turned on from the water main, and the vessel is filled 
until the water overflows through the grease pipe. The valve on this latter 
is now shut, and those on the inlet, outlet, and sludge pipes are opened, 
when the syphonic action begins, and any water entering the small well 
at the inlet side is sucked into the vessel, rises to the top, and escapes by 
slits in the horizontal arms of the outlet pipe. Sludge settles to the 
bottom and escapes by the sludge pipe. Where the liquids dealt with 
contain greasy matters, these rise to the top and can be let off from time 
to time by closing the inlet, outlet, and sludge pipes, and turning on the 
water from the main. If at any time the syphonic action is stopped by 
the accumulation of air or gas at the top of the vessel, the air can be 
discharged by opening the valve on the grease pipe, closing all the other 
outlets, and at the same time turning on the water from the main just as 
when the apparatus is started. 

All these tanks in which the principle of upward flow is adopted have 
a great advantage in that their shape permits of their being emptied of 
sludge by means of the head of water they contain, and while they are 
still in use. With this in view, care is taken to construct the tanks with 
a more or less conical bottom, into which the sludge falls as into a funnel. 
When a valve on this funnel is opened, any desired amount of sludge is 
forced out by the weight of superincumbent water. Sludge thus obtained 
is, however, very liquid, containing usually over 95 per cent, of water, but 
the method has the advantage that the sludge need not be drawn ofl* at 
the level of the bottom of the tank (see Figs. 49 to 51), and thus little of 
the available fall is lost, and sludge filters can be placed at a higher level, 
an advantage which is often of considerable importance. It is found in 
practice that a head of 4 feet of water is sufficient to express the sludge. 
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high compared to that of water, so that they readily settle, ordinary tanks 
of a total capacity of half a day's flow are suiiicient to allow of perfect 
settlement, but the deposited solids are so large in amount that they take 
up a good deal of the available tank capacity, and extra tanks are there- 
fore necessary. For liquids such as soapy waters or dyewaters, containing 
suspended matter of low specific gravity, the rate of settlement is much 
slower, and tanks of larger capacity are requisite. For such liquids, 
ordinary settling tanks should be large enough to hold two days' flow. 
Where upward flow tanks, such as those of Waite and Mackey, and the 
Dortmund tank, are used, equally good results may be obtained with half 
this tank capacity. It must be borne in mind, however, that with tanks 
of the ordinary form it is always necessary to have one or more in reserve 
to be used while others are being cleaned out, so that, as has been pointed 
out (p. 196), it is of advantage in such a case to have them subdivided 
into a number of units, so that when one is being cleaned only a small 
proportion of the tank room is out of use. In choosing a particular form 
of tank regard must be paid chiefly to the available site and also to the 
necessity or advantage of pumping the refuse. 

In devising a scheme which includes settling tanks of the ordinary 
form the labour of dealing with the sludge must always be kept in view, 
and if possible the tanks must be constructed sO that the sludge will flow 
from them by gravitation. Should the natural fall of the ground be 
unfavourable, this can be accomplished by providing a sump, into which 
the sludge will flow, and from which it can be removed by pumping. 

Septic Tanks. — In describing the methods adopted by various quoted 
authorities for dealing with liquids containing considerable amounts of 
organic matter, mention has frequently been made of treatment by septic 
tanks. These have no special form, except that they have to be arranged 
with an inlet and outlet both dipping underneath the surface of the liquid 
in the tank, and full descriptions will be found in all text-books on sewage 
disposal. The name given to them refers to the method of treatment 
adopted, in which the liquid is retained in the tank until putrefaction has 
so far advanced that the solid matters in suspension become partially 
broken down. When this method of treatment was first introduced it was 
hoped by the inventor that this breaking down of the solids would proceed 
so far that all organic matters would be brought into solution or gasified, 
and that the sludge difficulty would disappear ; but this hope has not been 
realised, and the reduction of sludge is in no case very complete. Septic 
tank treatment of liquids containing organic matter can never by itself 
suffice to produce eflective purification, and the opinion is now generally 
held that it does not serve to bring them into the best condition for 
subsequent biological treatment, as they are almost wholly robbed of 
dissolved oxygen and contain sulphuretted hydrogen. Septic tank treat- 
ment is seldom to be recommended for trade waste waters, and if it is 
adopted the deposited sludge alone should be allowed to become septic, 
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while the clarified liquid is passed on for further treatment in a compara- 
tively fresh state. This is the object aimed at in the Hydrolytic Tank of 
Dr Travis (see The Surveyor, 1908, vol. 33, p. 673), and the Emscher Tank 
of Dr Imhoff (see The Survepor, 1909, vol. 35, p. 625). 

Chemical Precipitation. — Chemical precipitants may be regarded as 
acting in two distinct ways upon the liquid treated. Some combine with 
dissolved matters to form or to liberate insoluble solids ; others are used 
to produce voluminous precipitates which entangle fine particles suspended 
in the liquid, and greatly hasten their rate of settlement. For instance, 
lime is often used to precipitate a soapy liquid by the formation of a heavy 
lime soap, and acid is used to set free the insoluble fatty acids from a 
greasy liquid such as wool-washing refuse ; while, on the other hand, lime 
with sulphate of alumina or with ferrous sulphate produces a voluminous 
hydrate which entangles fine suspended particles and forms a lake with 
colouring matter. 

The choice of a proper precipitant and the amount to be used depend 
upon the nature of the liquid to be treated, and should always be decided 
from the result of laboratory experiments. Instances of the use of the 
commoner precipitants, lime, sulphuric acid, alumino-ferric or sulphate of 
alumina, and ferrous and ferric salts, have been given in describing the 
treatment of different kinds of refuse. It is obvious that if too great a 
quantity of any of these is used some will escape in the treated effluent, 
and may be harmful to discharge into a stream, but it is generally easy 
to guard against this. It is often, for instance, raised as an objection to 
the use of lime as a precipitant, that an effluent containing lime may be 
very harmful to users of the water lower down the stream into which it may 
be discharged, but if any lime escapes in the effluent it must be considered 
as needlessly wasted. The lime should be used as carefully as it is in 
softening a calcareous water, where it actually reduces the amount of the 
lime salts originally present in the water. 

The methods adopted for adding precipitants are often extremely crude 
and wasteful. When lime is used it is too often thrown into the liquid in 
the solid unslaked form, when much of it falls to the bottom of the settling 
tanks and remains unutilised, or in some cases so much is added that the 
liquid is either rendered very hard, or the excess acts as a solvent of 
previously deposited sludge. When alumino-ferric is the precipitant, a 
slab of it is generally placed in the mill drain, where it dissolves away in 
quantities which are often either too small for effective precipitation, or so 
large that there is a needless waste. Where acid is used it is too often 
added to a tank full of liquid in pailfuls without making any test of the 
proper quantity required. 

Lime is best employed in the form of milk of lime, which should be 
prepared in a special apparatus such as is shown in Fig. 53. Lime 
sufficient for a day's use is placed in the cask, water is turned on until it 
overflows, and the paddles are kept constantly revolving. The amount of 
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milk of lime overflowing can be regulated with considerable nicety by 
varying the rate at which water enters the cask, and this is found to be 
a great advantage in mills where the waste waters vary greatly in 
volume or character, and especially where they are at times acid in 
reaction. By increasing the flow of water into the lime mixer at such 
times a full dose of the milk of lime is added to the acid refuse. 




Fig. 58. — Lime Mixer. 



The same apparatus can be used for adding alumino-ferric or copperas 
in solution, but in that case the overflow pipe should be brought up from 
the bottom of the cask. In that case, too, the solution of the precipitant 
must be aided by the use of steam or hot water. 

There are many other contrivances for adding precipitants in liquid 
form either in proportion to the flow of refuse at the time, or in continu- 
ously regular quantities. One such has already been described in connec- 
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tion with Waiters apparatus (see p. 133). Another quite difterent form is 
that used by Lassen and Hjort in connection with their water softeners. 
The same apparatus can, as already mentioned (see p. 244), be 
used both for measuring the flow and for regulating the amount of 
precipitant. The refuse to be treated is discharged from a pipe into 
one compartment of a double tipper, and when this is full the tipper 
falls over and receives the refuse in the other compartment. The axle 
of the tipper is continued into the tank containing the liquid pre- 
cipitant, and there actuates a valve in the bottom of the tank, which 
opens with each movement of the tipper sufficiently to allow the proper 
dose of precipitant to escape. On this axle metal paddles are also 
fixed which serve to keep the liquid precipitant constantly agitated. 
As above suggested, the axle of the tipper may at the same time be 
made to record the number of discharges by an ordinary form of 
ratchet movement. 

In works where the refuse must be pumped it is an easy matter, by the 
use of a subsidiary pump worked off the shafting of the main pump, such 
as is mentioned on p. 144, to ensure that the precipitant is added in 
proportion to the amount of liquid raised. 

In works where the tanks are in the form of a tower the labour of 
carrying the precipitants to the top of the tower can easily be avoided . by 
mixing or dissolving them with water in a tank at the ground level and 
raising the mixture by means of a chain pump. If this is actuated by a 
small water-wheel, which in turn is driven by the force of the refuse water 
entering the tower, the amount of precipitant raised will be in proportion 
to the flow of the refuse, and this method has recently been adopted by 
Mr Mackey in connection with his plant described on p. 139. 

Another apparatus for adding dissolved precipitants in regular and 
measured quantities is shown in Fig. 54, as in use at Wakefield Sewage 
Works for adding a solution of ferric sulphate to the sewage. The 
precipitant in solution is run into a feed tank in which it is kept at a fixed 
head, for example, by governing the inlet with a ball valve. From this 
tank it is fed into one of three glass cylinders. Each cylinder is provided 
with a restricted outlet, and when the liquid it contains stands at a known 
level, the amount escaping from the orifice can be ascertained by actual 
measurement. So long, therefore, as the level of the liquid in the cylinder 
is kept constant, a known and regular amount of precipitant is escaping, 
and this constant head can be maintained by regulating the tap on the 
outlet from the feed tank. Each cylinder has three marks, at which levels 
the amounts of precipitant discharged are in the proportion of 1, 2, and 3, 
and by using the cylinders separately or together the rate of flow of the 
precipitant can be regulated with great exactness. 

An ingenious method of adding liquid precipitants in direct proportion 
to the flow of the liquid treated has recently been introduced by G. Kent, 
Ltd. (see Journ, Soc, Dyer's and Colorists^ March 1912, p. 108). The 
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for flows of refuse between 1000 and 10,000 gallons per hour is from £80 
to iJlOO. 

Sludge Treatment. — Sludge, as it is discharged from any kind of 
settling tank, always contains a large proportion of water ; in some cases, 
as has been mentioned, more than 95 per cent., and at the best seldom less 
than 80 per cent. In this condition it is a semi-liquid sloppy material 
exceedingly difficult to handle, and as in most cases it has to be finally 
disposed of at some little distance from the purification works, it is usually 
necessary to dry off the moisture so as to bring the sludge into a condition 
in which it can be removed by spade and cart. This drying also diminishes 
the weight of material to be removed, for, as pointed out on p. 248, when 
the moisture in a sludge is reduced, say from 90 to 70 per cent., the weight 
is reduced to one-third. 

Burying in Trenches. — When sufficient area of land is available it is 
quite possible to deal economically with the wet sludge by burying it in 
trenches in the ground, and, in fact, this method is one of the cheapest 
that can be employed. 

The disposal of sewage sludge in this manner has been described in the 
Fifth Report of the Royal Commission on Sewage Disposal, 1898 (p. 171), 
where also estimates of the cost are given. The method has now been in 
use for over three years at Wakefield Sewage Works, where the sludge has 
been largely produced from the treatment of trade refuse. The soil in 
which the sludge is there buried is about as unsuitable as can be imagined, 
and yet the sludge has been disposed of with veiy little trouble, and as 
the cost has been carefully ascertained, some description and details of the 
method as there practised may be useful. 

Parallel trenches are dug in the soil, the excavations being 3 feet wide 
and 1^ feet deep, with a space of 5 feet between, upon which the excavated 
soil is piled up. The trenches are dug some time before they are required, 
as it is found that the soil, which is a stiff clay, absorbs moisture from the 
sludge more easily after being weathered. The sludge is run by gravita- 
tion from the settling tanks, where it has been precipitated by lime and 
ferric sulphate, into a sludge well, and thence is pumped into an iron main, 
through which it is distributed to the trenches. These are filled to a 
depth of 2 feet, and- after most of the water has percolated away or 
evaporated they are again filled with sludge to the same level, and this 
process is sometimes repeated a third time. The sludge is allowed to dry 
for some time (generally about three weeks in ordinary weather), and the 
soil between the trenches is then filled in until the land is level again. A 
plan and section of the trenches are given in Fig. 56. A new trench can 
be dug in the 5-foot interval between the original trenches, and a further 
amount of sludge deposited there, and after a sufficient time has elapsed 
for the sludge to consolidate and become partly incorporated with the soil, 
the process can be repeated over the whole area. 

At Wakefield, the cost of making and filling the trenches amounts to 
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4d. per linear yard of trench, and as the trenches are filled 2 feet deep with 
sludge, this amounts to 6d. per cubic yard of wet sludge if only one dose 
of sludge is applied, but if three doses are applied, as described above, the 
cost would not be much more than half this amount. The area of land 
required for this method of disposal is given in the Report of the Royal 
Commission as between 1 and 3 acres per 1000 tons of wet sludge, 
according to the porosity of the soil. It is, however, not often that 
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Fio. 67.— Sludge Filter. 

sufficient land for the adoption of the above method is available on a 
manufacturer's premises. 

Drying 071 Sludge Filters,— The commonest method of drying the sludge 
is by running it on to a sludge filter where the moisture can easily drain 
away, and the construction of such a filter is an important matter, 
inasmuch as with an imperfect filter the period required for drying the 
sludge may extend over months, whereas if the filter is carefully made 
less than a week may sufi&ce. 

In one form of construction (see Fig. 57) the filters are built in bays, 
each bay having brick walls round three sides and a concrete bottom, 
which slopes with a good gradient towards the fourth side. This fourth 
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side is closed by wooden battens sliding in grooves in the brickwork. On 
the floor of the filter three lines of perforated pipe drains are laid, and on 
these is placed the filtering material of engine clinker, varying from pieces 
2 to 3 inches in si^pe at the bottom to fine clinker freed from dust at the 
top, and in all about 18 inches deep. The clinker is heaped up at the 
back of the wooden battens, so that any liquid escaping must pass through 
it. Just outside the wooden battens there is a channel in the concrete 
which receives the liquids draining from the sludge. 

This escaping liquid is seldom sufficiently pure to be discharged to a 
stream, and the purification works should be so arranged that it can be 
readily returned to the settling tanks to be purified along with the crude 
refuse. This is an easy matter where the crude refuse is received into a 
pump well and lifted into settling tanks, for in such a case the filters 
should be so placed that they will drain into the well. In other cases the 
settling tanks have to be emptied by pumping, and then the sludge filters 
can be placed at such a level that they will drain back into the tanks. 

Another form of filter is constructed with four brick retaining walls 
and a concrete floor, the latter sloping from either side to a central 
channel. This channel is covered by flat stones or tiles, resting on 
supports which raise them from the surface of the concrete. The under 
drainage is carried out by covering the whole surface of the concrete 
with rough stone pitching, such as is used for the foundation of a 
macadamised road, the stones being laid parallel to the ends of the tank, 
so that liquids draining away are directed to the central channel. The 
filtering material consists of engine clinker, arranged as shown in Fig. 58, 
with a very fine layer, freed from dust, on the surface. In one case the 
cost of such a filter of 38 square yards in area amounted to £30; in 
another case a similar filter of 224 square yards area cost £73 ; the price 
in both cases including material and labour. 

The successful use of this filter, as of the last, depends upon careful 
management. It is essential in both cases that a sufficient number of 
filters should be provided, so that at all times some can be out of use for 
cleaning and resting. The sludge should never be poured on to them to 
a greater depth than one foot. In a few days, in dry weather, the sludge 
is sufficiently dry to be removed by spade, and if the removal is carefully 
done a little of the top layer of fine material is lifted off with the sludge, 
leaving a surface qiiite clean and unclogged. A little fresh fine material 
is sprinkled over the surface and the filter is at once ready for another 
dose of sludge, although it is better to leave it exposed to the air for at 
least a week. The advantage of having a filter upon which a charge of 
sludge can be dealt with once a fortnight need hardly be pointed out, and 
similar results could be ensured in wet weather by placing a roof over the 
filters, as, indeed, is often done by manufacturers who have greasy sludge 
to deal with. 

The time taken for the drying of a very liquid sludge can be much 



266 



TRADE WASTE WATERS. 



shortened by drawing off the supernatant water, which quickly separates 
after the sludge has been discharged on to a filter. Several forms of 
decanting valve are on the market, but perhaps the simplest contrivance 
is to board off one corner of the filter with planks in which 2-inch holes 
are bored at different levels. These holes are closed by plugs which are 
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Fio. 58.— Sludge Filter. 

removed as the sludge sinks below them, thus allowing supernatant water 
to escape. This water is generally rather foul, and should in all cases be 
returned for treatment along with the crude refuse. 

Where the sludge produced from trade refuse has a manurial value, 
and where there are stables upon the manufacturer's premises, a patent 
method of sludge disposal which has been adopted at Penrith Sewage 
Works may be found very useful. The sludge at Penrith is very liquid, 
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being forced from the settling tanks by hydraulic head. For its reception 
four beds have been provided, similar to those in Fig. 57, with concrete 
bottoms and brick walls round three sides. In these beds a layer of straw 
or stable litter is placed some 6 inches thick, and this is covered by a 
layer of liquid sludge ; then another layer of litter is laid, followed again 
by a covering of liquid sludge, and the process is repeated until the bed is 
fulL At the open end of the bed the litter and sludge are kept in place 
by battens. The bottom of the bed is freely under-drained by means of 
perforated half-pipes placed on the concrete floor, and from these a 
number of perforated upright pipes are brought up to the surface for 
drainage and aeration. By this arrangement the water escapes rapidly 
from the sludge, filtering through the straw, and in a very short time the 
whole contents of the bed are consolidated into a mass which is easily dug 
out to be carted away. The straw used is partly litter from the Urban 
District CounciPs stables, partly straw got from a farmer in exchange for 
grass from the sewage works, and partly litter from adjoining private 
stables. Each of the beds is emptied about once in six weeks, and there is 
no difficulty in selling the contents to farmers at Is. 6d. per load. 

By treatment upon filters such as those described above the moisture 
in a sludge can be reduced to 75 per cent., and the sludge thus dried is 
brought into a condition in which it can be easily carted away. By 
referring to Fig. 47 it can be calculated how very greatly this drying 
reduces the weight of material to be removed. 

Shtdge Pressing, — Where a sludge consists of very fine particles such 
as the fuller's earth from blanket scouring, it is very retentive of moisture 
and very difficult to dry in any ordinary sludge filter. In such a case it 
may be advisable to press the sludge in a press similar to that used at 
sewage works, described in all text-books on sewage, and made in various 
forms by Messrs Manlove, Alliott <fe Co., Nottingham ; S. H. Johnson & Co., 
Ltd., London ; John Wilson k Son (Johnstone), Ltd., Johnstone, N.B., 
and numerous other firms. 

It is often found advantageous to settle a liquid sludge and remove 
the supernatant water before it is passed into a filter press, as has been 
described above in dealing with sludge on sludge filters. By doing this the 
moisture in the sludge may be reduced from 95 to 85 per cent., and the 
amount of sludge to be pressed to one-third. It is frequently found that 
the addition of 1 per cent, of lime to a sludge enables it to be pressed much 
more rapidly and perfectly, as the lime forms insoluble soaps with any fatty 
matter present and acts upon the fine suspended solids so that they lose 
their retentiveness of moisture. By pressing, the moisture in a sludge 
may be reduced to something under 60 per cent., and the cake produced 
is easily handled. The Royal Commission, 1898, in their Fifth Report 
(p. 170), give the total cost of sludge pressing, including lime, fuel, 
labour, press cloths and repairs, and also interest and sinking fund, as 
between 2s. 9d. and 3s. 9d. per ton of press cake produced, containing 55 
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per cent, water, or between 7 '3d. and 8*7d. per ton wet sludge, containing 
90 per cent water; but at Leeds, as already mentioned (p. 119), the cost, 
without including interest and sinking fund, only amounts to Is. 8d. per 
ton of press cake. 

In drying sewage sludge great attention has recently been paid to the 
use of centrifugal machines, but for the most part these are more costly and 
less efficacious than sludge presses. The new centrifugal drier, however, 
described on p. 230, appears much simpler in construction and easier to 
manipulate than any previously on the market, and is likely to be found 
very useful in dealing with sludge. 

The sludge produced from trade refuse and dried as described is, 
generally speaking, a useless material. In some cases it may contain a 
sufficient amount (say 15 per cent.) of grease to be worth recovery by a 
solvent process; in other cases the nitrogenous organic matters present 
may make the sludge useful as a manure; or the vegetable matters 
present may be sufficient to give the sludge a calorific value ; but most 
often the sludge must be tipped upon a waste heap or used to fill up 
hollows or old quarries. 

The quantity of sludge likely to be produced from a trade refuse can 
be roughly estimated by ascertaining the amount of suspended matter 
present, bearing in mind that the weight of sludge containing 90 per cent, 
moisture is ten times the weight of the dry solids it contains. Thus, for 
example, from the analyses in Table LXXIV. it can be calculated that, in 
the samples there referred to, a ton of wet sludge containing 90 per cent, 
moisture may be expected from' 400 gallons of coal -washing refuse, 7000 
gallons of piece-scouring refuse, 10,000 gallons of tannery refuse or 
dyewater, 27,500 gallons of brewery refuse, or from 40,000 gallons of 
papermakers' refuse. 

Taking into account the volume of waste water produced in any of 
these trades, it will at once be evident what enormous amounts of sludge 
are discharged when the crude refuse is permitted to enter the streams. 
Indeed, no manufacturer can beforehand be made to appreciate the amount 
contained in his waste waters, and in a very large number of cases the 
quantity of sludge actually produced has opened his eyes to the great 
waste of valuable materials which has been going on unnoticed. The 
saving he has in consequence been able to effect has often gone far to 
repay him for the cost he has incurred for the purification of his refuse, 
or has even yielded a considerable profit. Instances of this have already 
been given in the wool, coal, and paper trades. 

Straining Filters. — In most cases it is inadvisable to depend for the 
purification of trade refuse on precipitation or settlement alone. The 
tank effluent generally requires filtration, and in all cases this is desirable 
as a safeguard against the escape of floating or suspended matters. In 
many cases it is sufficient to pass the tank effluent through a straining 
filter, and this can be constructed like the sludge filter shown in Fig. 58. 
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Filters soon become clogged by the suspended matters arrested upon the 
siirface and should then be dried off so that the coating of mud can be 
removed. It is necessary, therefore, that they should be made at least in 
duplicate, so that one can be resting while the other is in use. 

Filters of this kind are in common use at waterworks, but in that case 
sand is the medium usually employed and is, generally speaking, too fine 
for straining trade effluents, as the suspended matters they contain are 
greater in quantity and would soon choke the sand. Filters for straining 
trade effluents are much ofteuer constructed of well-graded clinker. 

In place of ordinary sand filters there are many mechanical high- 
pressure filters used for water purification, and some of these, such as those 
of Bell Bros. (Fig. 25), Candy, Royles, and Mather and Piatt, can be adapted 
for the efficient removal of suspended matter from tank effluents. These 
have the advantage, which has been described in the case of BelVs filter, 
that they can be automatically cleansed. Another filter possessing this 
advantage is the Wilson filter, which has already been described in 
dealing with the refuse from the paper trade (p. 88). 

Biological Filters. — In suggesting methods of purification for waste 
waters containing organic matter in solution, mention has repeatedly been 
made of biological filters. These have now come into common use for the 
purification of sewage, and detailed descriptions of their construction and 
working can be found in any of the text-books on sewage, such as those of 
Dibdin (p. 88), Moore and Silcock (p. 629), Raikes (p. 222), Dunbar 
(p. 187), and Kershaw (p. 254). See also p. 64. 

Percolatmg Filters. — In selecting a method of construction and the 
needful distributing apparatus for a filter for the purification of trade 
refuse, regard must be had to the ordinary working of the filter in the 
hands of an employee of the manufacturer. The scheme adopted must 
not be too costly ; the apparatus must be as simple as possible ; the works 
must be nearly automatic in action and must require a minimum of 
attention. Success will be found to depend in the first place on the 
adequacy of the means adopted, secondly on the attention given to the 
details of construction, and thirdly on the care taken to keep the works 
in good order. 

The size of the filter must depend upon the quantity of liquid to be 
dealt with and upon the amount of polluting matter it contains, and in 
making the necessary calculations it must be borne in mind that usually 
the discharge of trade refuse occurs only during the working hours of 
the day. For a rough guide it may be said that at the least a cubic 
yard of filter must be allowed for every 50 gallons per day of a strong, 
well-settled liquor, or for every 100 gallons of a weaker precipitated 
liquor. 

It will rarely be practicable to deal with crude refuse upon a biological 
filter. The suspended matters miist generally first be removed in settling 
tanks, and it will often be advantageous to use chemicals to neutralise undue 
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acidity or alkalinity, or to bring some of the dissolved matters out of 
solution so as to retain them as sludge in the settling tanks. As a general 
rule no attempt should be made to filter a liquid until the suspended 
solids -have been reduced below 10 parts per 100,000. 

The ordinary apparatus for distribution on such a filter by means of 
rotating sprinklers or jets is somewhat costly to install and requires a good 
deal of attention. A simple method of distribution, which has been found 
effective both on a small scale and when dealing with large amounts, has 
been brought into use for dealing both with sewage and trade refuse, and 
a description of a filter thus equipped may be found of service. The floor 
of the filter should be of some impervious material, preferably of concrete, 
and should be laid with a considerable slope to an outfall channel, which 
should run along one side of the filter. A false floor should be provided 
and may be constructed of slates or flat tiles supported on rows of bricks 
set 6 inches apart, or, better still, of specially made half -pipes or square 
tiles on feet, such as those of Naylor Brothers, Denby Dale, or Stiff & Co., 
Birmingham. It is not absolutely necessary to provide a false floor, but 
when this is omitted special care must be taken to have the bottom layer 
of filtering material in large pieces, so as to permit of the escape of finely 
divided solids with the effluent. Instead of the false floor a layer of stone, 
arranged in the same way as is usual in making the foundation of a road, 
may be laid on the concrete floor (see Fig. 58). In any case care should be 
taken to arrange matters so as to facilitate the free escape of the effluent, 
with its suspended solids, to the outfall channel. When the filter stands 
above ground the walls may be of brickwork, of stone and mortar, or of 
dry rubble, slag, or clinker. If put together without mortar they should 
be built vertical on the inside, and with a batter of one in three on the 
outside, as in winter the liquid in the outer portion of the filter is liable 
to freeze and thrust the wall outwards. If the space available is limited, 
and a vertical dry rubble wall is preferred, it can be strengthened 
sufficiently by using vertical wood battens placed 18 inches apart on the 
outside of the wall and binding them together with strong wire. There is 
no necessity for the filter to stand above ground ; it is rather advisable to 
have it under ground level, as it is then hidden from sight and protected 
to a great extent from frosty winds, but when sunk in the ground it should 
be constructed with the side towards the outlet channel free, so that air 
can easily enter both by the false floor and through the wall on that side. 
If the false floor is well made there is no necessity to have pervious walls. 
In fact, solid walls are an advantage in that they minimise the danger of 
nuisance from flies, which are apt to breed in the crevices of a dry wall. 
The shape of the filter is immaterial and will depend upon the available site. 

The filtering medium used may be of any resisting material, such as 
broken stone, gravel, slag, or clinker — such a substance, in fact, as will not 
readily break down under the alternate wetting and drying to which it is 
subjected. The depth of the filter is also immaterial, but preferably should 



PUMPS, SCREENS, TANKS, FILTERS, AND OTHER APPARATUS. 27 I 
not be less than 3 feet nor more than 6 feet. The full effect of such a 
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Fig. 59. — Percolating Filter. 

filter cannot be obtained until the medium has become " ripened " by the 
growth of the purifying organisms on it, and in dealing with some kinds 
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of trade refuse it is desirable to incorporate in the top layer of the filter 
some medium from a filter which has been in use at sewage works, or to 
dose the filter for some time with weak sewage, or urine from stables or 
cowsheds, before it is brought into use for dealing with trade refuse. 
Such a preliminary treatment of the filter is especially to be recommended 
when the trade refuse consists of liquids which have been rendered sterile 
by boiling, such, for instance, as • spent gas liquor (see p. 33), distillery 
refuse, or waste dyewaters. 

The most important point is the proper filling of the filter, and the 
medium must be graded with great care. In a filter 6 feet in depth (see 
Fig. 59), the first layer in the bottom, on the false floor, should consist of 
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Fio. 60.— Wooden Tipper. 

hand-picked pieces 3 to 4 inches in diameter, to the depth of 6 inches ; 
above this should come a 3-foot layer consisting of pieces between 3 inches 
and 1^ inch in size; then a 12-inch layer of material which has passed 
through a 1^-inch riddle and has been kept back by a ^-inch riddle; 
followed by a 6-inch layer of sizes from \ inch to \ inch ; and finally on 
the surface there should be a 12-inch layer of fine material composed of 
particles which have passed through ^inch mesh and been retained by a 
mesh of \ inch. A filter of 3 feet depth should be constructed like the 
upper 3 feet of the above. The surface layer of fine material should be 
banked round the sides of the filter to a height of 3 inches or so above the 
general level, and to a width of 6 inches within the external wall, so as to 
prevent any liquid overflowing. 

A tank effluent, if passed on to the surface of such a filter directly and 
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The better to ensure the distribution of the liquid over the whole of 
the filter, it is necessary to provide special channels to convey it to all 
parts of the surface, and this can best be done by laying a series of level 
drains of ordinary butt-jointed field pipes in herring-bone fashion upon the 
surface ; or, better still, glazed pipes of the same shape, for the field pipes 
are very liable to be injured by frost. Into these pipe channels the tank 
effluent is discharged in intermittent flushes, and the liquid is distributed 
over the whole of the filter, a little escaping by every joint in the pipes. 
Each discharge is thus absorbed by the top layer of fine material, which 
takes it up like a sponge and gives it out slowly from the under surface 
to percolate gradually throughout the whole body of the filter. By the 
provision of valves or plugs on the distributing pipes the liquid can be 
kept off any part of the filter which may require to be rested or cleansed. 

A filter such as the above, complete in every respect, costs approxi- 
mately ten shillings per cubic yard. 

In the effluent from a filter of this kind, there is at times a considerable 
quantity of humus or fine suspended solids, and these should be removed 
either by passing the effluent through a small settling tank, having a 
capacity equal to two hours' flow, or through a shallow filter of 3 or 4 inches 
of sand lying upon 6 inches of gravel, or, better still, over a small 
area of grass land. The liquid as it comes from the percolating filter 
is generally free from offensive matters, and will greatly stimulate the 
growth of grass. 

The surface of the filter will from time to time need to be scraped to 
remove any sludge or grease, and when this is done a little fresh material, 
similar to that forming the surface layer, should be added to keep the 
filter to its original depth, and the opportunity should be taken to adjust 
the drain pipes to the proper level. With slight attention the filter 
should be practically permanent. 

Slate Beds and Contact Beds. — Another biological method of purifica- 
tion is by means of the slate beds or contact beds of Mr Dibdin, such as 
are very often used for the purification of domestic sewage. They are 
seldom to be recommended for the purification of trade refuse, except that 
the slate beds may be found useful in the purification of liquids containing 
large quantities of animal matter, such as the refuse from glue manu- 
facture or tripe boiling, for they are effective in reducing the offensive 
smells that these liquids are liable to evolve. It may here suffice to refer 
to the description of them in Mr Dibdin's writings. 

Land Treatment. — In place of a straining or biological filter it may 
sometimes be preferable to pass a tank effluent over land, and where there 
is a sufficient area of suitable land it is better than any filter. Quite as 
much care as in the case of a filter is, however, necessary to ensure proper 
distribution of the liquid over the surface, and due attention must be 
given to changing the area under irrigation at short intervals, or the 
surface will become choked and " sick." 
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If the area is sufBcient and there is a good covering of grass on the 
soil it is usually better to adopt broad irrigation, but if the area is 
restricted and the soil is not too porous, intermittent downward filtration 
may be resorted to, dividing the land into plots of suitable size and 
flooding these in turn. In this case the plots should, from time to 
time, be cleansed of deposited solids and thoroughly tilled. In deciding 
the area of land necessary for the treatment of a liquid, regard must 
be paid to the nature of the soil and to the character of the liquid, 
especially to the amount of suspended solids. The Local Government 
Board say that in dealing with sewage the maximum quantity of liquid 
which can be dealt with on the best soil is 30,000 gallons per acre per day. 

Evaporators and Incinerators. — It has several times been suggested, 
for instance in connection with wool-washing suds and the kier liquors 
from paper works and bleach works, that it may be advantageous to get 
rid of these liquids by evaporation. The simplest method of doing this 
is to boil the liquid in an open vessel, but, as the utmost that can 
be expected from this process is the evaporation of some 8 lbs. of 
water per pound of coal used as fuel, it will be found an expensive pro- 
ceeding. It is used at some of the blast furnaces in Lanarkshire for 
evaporating spent gas liquor, but there enormous quantities of waste gas 
are available. The evaporation of a similar liquid in the specially con- 
structed gas furnace shown in Fig. 4 is a distinct advance upon the fore- 
going method. As will be readily imagined, the distribution of the liquid 
in the furnace in the form of a spray considerably aids vaporisation. 

The same effect is aimed at in the Porion ^evaporator, which is in use 
for spent gas liquor at the Dalmellington Ironworks, Ayrshire, and also 
for the kier liquor from the boiling of esparto grass at the Rishton Paper 
Mill of Messrs A. M. Peebles & Son, Ltd. A plan and section of this 
evaporator is shown in Fig. 62. In this figure it will be seen that in 
addition to the evaporating chamber K, there is an incineration chamber 
by the two being separated by a combustion chamber c. The liquor to 
be evaporated is run into a flat pan z, over the combustion chamber 
where it becomes heated nearly to boiling point. It is allowed to run 
from this pan in a regular flow into the evaporation chamber K, where 
two paddles, i, are kept constantly revolving, dipping at each revolution 
intx) the liquid so as to throw it up in a fine spray. Through this spray 
the hot gases from the incinerating chamber 6, and the combustion 
chamber c, pass on their way to the chimney J. When the liquid is 
sufficiently concentrated by this evaporation it is run into the incinerating 
chamber b, where the flames of the furnace a play upon it and complete 
the evaporation, finally igniting the combustible matter in the dry residue. 
Owing to the presence of so much moisture in the contents of the 
incinerator 6, the combustion is by no means complete, and for this 
reason a special combustion chamber c is introduced, where the combus- 
tion process is completed by the aid of burning fuel. 
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The apparatus is very fully described by Mr Davies in a paper read 
before the Scotch Paper Makers' Association in November 1888, and 
quoted by W. Naylor, F.C.S., in his book on Traded Waste. Mr Davies 
says that for dealing with paper makers' lye at 10* Tw. (1*050 specific 
gravity), a Porion evaporator is by far the best, but suggests that 
liquids weaker than this should first be concentrated to the above strength 
by other means. He states that in the evaporation chamber 11^ lbs. of 
water may be evaporated per pound of fuel, and in addition 8 lbs. of water 
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Fio. 62.— Porion Evaporator. (From Naylor's Trades' Waste,) 

for every pound of dry organic matter burned in the incineration of the 
dried solids obtained from the liquid itself. 

It has been stated that the exposure of a liquid to heat in the form of 
a fine spray considerably lessens the amount of fuel required to evaporate 
it, and this amount can be reduced still further by boiling the liquid 
at a lower temperature. This is effected by using a vacuum pan, in 
which by means of an exhauster the pressure on the liquid is reduced. 
This form of evaporator is quite commonly tised in many trades, for 
instance in sugar boiling, and in making extracts of vegetable substances. 
Such pans are made by many firms, as, for instance, Messrs George Scott 
& Son, London, the Mirrlees Watson Co., Ltd., Glasgow, and the Kestner 
Evaporator and Engineering Co., Ltd., London. 

By an ingenious application of this principle a "multiple eftect" 
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can be produced by utilising the heat contained in the vapours arising 
from one evaporation of the liquid to boil the latter again at a lower 
pressure; and apparatus constructed for this purpose is made by the 
three foregoing firms. 

Scott's multiple effect evaporator consists of a series of vessels (Fig. 63), 
into the first of which the liquid to be evaporated is admitted at the 
bottom and flows upwards through a series of vertical pipes, surrounded 
by a steam jacket, into the evaporation chamber. The liquid is thus 
caused to boil and the vapour passes into the steam jacket of the second 
vessel. The partially concentrated liquor is allowed to flow from the 
first vessel into the bottom of the second vessel, where it is further 
evaporated in the same way but at a lower pressure, and this process 
is repeated in the remaining vessels at successively reduced pressures. 
The necessary vacuum in the various vessels is maintained by means 
of a pump and surface condenser attached to the evaporation chamber 
of the last vessel. 

It is impossible within the limits of a treatise such as this to give any 
detailed explanation of the method of working a Yaryan evaporator, but 
Fig. 64 will give some idea of the apparatus. The evaporator shown is 
threefold, the same process being repeated three times at successively 
lower temperature and pressure, and each section (see No. I.) consists of a 
heater T, an evaporating chamber A, and a separator D, where the vapour 
is separated from the liquid being concentrated. A condenser and vacuum 
pump, not shown in the illustration, are placed at the end of the series. 

The topmost chamber A is heated by steam from an ordinary boiler, 
and the liquor, previously warmed in the heater T (as will be explained), 
passes through a coil of tubes B within the chamber and surrounded by 
the steam, and is made to boil. The coil of tubes B is continued into the 
separator D, in which the pressure is reduced, and there the steam which 
has been generated separates from the liquor, which is thus to this extent 
concentrated. 

The process in the next section (No. II.) is the same, except that the 
steam used for heating the chamber F is not here obtained from the boiler, 
but is the steam from the liquor separated in the first separator D ; the 
liquid in the interior of the coils G is the already partially concentrated 
liquor from the first separator D ; and the pressure in the second separator 
J is again lower. 

The concentrated liquid is passed through the third section and treated 
in the same way, the steam from the previous evaporation being used to 
heat it, the pressure in the separator being less than that of the atmo- 
sphere, and the vapour from the last separator being condensed by an 
ordinary condenser. 

The liquor which is being evaporated is passed upwards through the 
three heaters and reaches the topmost chamber A at or near boiling point, 
by being in each carried through a series of coils, R, S, T, which are 
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Fio. 65. — Kestner Evaporator. 
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volumes proportioned to the rates of flow. It is also necessary to design 
the plant so that the various discharges are mixed as thoroughly as possible 
before treatment. In the second place, the manufacturer almost constantly 
underestimates the volume of his refuse, and it is necessary to estimate 
carefully the maximum discharge to be expected during any working day, 
bearing in mind that the discharge usually takes place during ten hours of 
the twenty-four, although in many cases it may be expected that at times 
the mill will be working overtime or even continuously. Works must be 
designed to deal with the maximum flow of refuse during the period of 
its discharge. 

The management of purification works is nearly as important as their 
adequacy and proper construction. The best of tanks and filters may soon 
become useless if they are not kept clean and in good order. A scheme 
which has been designed to include chemical precipitation is not likely to 
succeed when the precipitants are not added continuously and in proper 
quantities. The most general cause of failure of properly constructed 
works is the neglect to remove the sludge at regular intervals, and this 
should always be carefully attended to. As has already been pointed out, 
care should always be taken to have a sufficient number of sludge filters, 
and the tanks and filters should always be so arranged as to make the 
labour of sludging as light as possible. For this rectson tanks of the 
Dortmund form, or like those of Waite & Mackey, are generally to be 
preferred, as they can be cleansed of sludge by simply opening a valve. 

Above all, it is not to be expected that any purification works will be 
successful unless the manufacturer himself takes an intelligent interest in 
their construction and management. 
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CHAPTER XII. 

DISCHARGE OF TRADE WASTE WATERS TO 

PUBLIC SEWERS. 

Recommendations of earlier Royal Commissions— General law on . the subject—Legal 
decisions — Local Acts of Parliament — Third Report of the Royal Commission on 
Sewage Disposal, 1898 — Local Acts based on this Report — Procedure of local 
authorities — Comparison of ordinary domestic sewage and ci*ude trade refuse- 
Regulations and agreements — Preliminary treatment required — Liability of manu- 
facturer for pollution— Bibliograi»hy. 

In the foregoing chapters it has been proved that for a manufacturer who 
discharges his trade waste water into a stream there are means available 
for purifying it so that it will have no harmful effect. It has been shown 
that although in some cases he may find the purification process profit- 
able, in the majority it will entail on him no inconsiderable outlay for the 
construction of works and a constant expense for their upkeep. 

There is, however, generally an alternative course which he may follow, 
for if a public sewer is available it may be possible for him to come to 
terms with the Sanitary Authority for the reception and treatment of his 
trade refuse. In the interest of the purity of the streams this is indeed 
the better course to adopt, for it avoids the necessity for separate purifica- 
tion works at every mill in a district, with the multiplied chances of 
neglect or mismanagement, and substitutes one set of purification works 
under constant and more or less skilled supervision. It will also be 
obvious that such a course will be more economical. So long ago as 1872, 
indeed, the Rivers Pollution Commission, 1868, in their Fourth Report, 
p. 105, recommended this course, for they say that 

"any law having for its object the prevention of river pollution should give 
power to all mauufacturers in towns, except those of gas, paraffin oil, p^roligneous 
acid, and animal charcoal, and workers in metal, tc» discharge their' drainage 
waters into the town sewers under suitable regulations." 

In the past, for various reasons, many manufa<iturers have been able, 
with or without the knowledge and consent of the Sanitary Authority, to 
oonnect up their mill drains with the public sewers. Very often this has 
resulted from the fact that the mill premises were originally drained into 
a small water-course or surface water drain, which was afterwards con- 
verted to a common sower and connected up to sewage disposal works. 

Formerly, when the sewage of towns was generally discharged into streams 
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without any attempt being made to purify it, it was a matter of little 
momeut to a Sanitary Authority whether or not they received trade refuse 
into the sewers, and many existing connections date from this period. 
Sometimes a Sanitary Authority have allowed a manufacturer to connect 
up his drains because they find him a profitable customer for their water 
supply or a large ratepayer, and in other cases the same policy has been 
followed, because the manufacturers are the most influential men in the 
district. As a result, about half of the manufacturers in the country 
have obtained this privilege, and in effect are relieved of the responsibility 
of purifying their refuse. The other half, who discharge their refuse to 
streams, are not only responsible for its effective purification, but often 
have to contribute through the rates towards the purification of the refuse 
of their more lucky neighbours, who may be competitors in the same trade. 

The general ratepayer views the matter from a different standpoint. 
The admission of trade refuse to the sewers of a town almost always 
renders the sewage more difficult to purify (see p. 309), may bring about 
serious injury to the sewers by the action of the trade refuse, and at least 
involves the construction of larger sewage works to deal with the larger 
volume. The ordinary householder naturally objects to this increased 
burden on the rates, due to what he considers should legitimately be a 
charge upon the trader ; while the trader in another line of business, who 
has no liquid refuse to get rid of, objects perhaps more strongly, inasmuch 
as he himself nearly always has to pay for the removal and disposal of any 
solid refuse he may produce. 

The present condition of affairs has thus given rise to great dissatis- 
faction, and the whole matter was in 1898 referred to the Royal Commis- 
sion on Sewage Disposal, who in their Third Report, issued in 1903, made 
most important recommendations, which will be dealt with later. Until 
the President of the Local Government Board sees fit to introduce fresh 
legislation based on these recommendations, the matter is governed by the 
existing law, which is contained in the following Acts of Parliament : — 

THE PUBLIC HEALTH ACT, 1875. 

Section 15. — Every Local Authority , . . shall cause to be made such 
sewers as may be necessary for effectually draining their district for the 
purposes of this Act. 

Section 21. — The owner or occupier of any premises within the district of 
the local authority shall be entitlea to cause his drains to empty into the 
sewers of that authority. . . . 

THE RIVERS POLLUTION PREVENTION ACT, 1876. 

Section 7. — Every sanitary or other local authority having sewers under 
their control shall give facilities for enabling manufacturers within their 
district to carry the liquids proceeding from their factories or manufacturing 
processes into such sewers : 

Provided that this section shall not extend to compel any sanitary or 
other local authority to admit into their sewers any liquid which would 
prejudicially affect such sewers or the dis}X)sal by sale, application to land, or 
otherwise, of the sewage matter conveyed along such sewers, or which would 
from its temperature or otherwise be injurious in a sanitary point of view : 

Provided also, that no sanitary authority shall be required to give such 
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facilities as aforesaid where the sewers of such authority are only sufficient 
for the requirements of their district, nor where such facilities would interfere 
with any order of any court of competent jurisdiction respecting the sewage 
of such authority. 

THE PUBLIC HEALTH ACTS (AMENDMENT) ACT, 1890. 

{This Act TMist he adopted by a Sanitary Authority before it becomes 
operative within their District.) 

Section 16. — (1) It shall not be lawful for any person to throw, or suffer 
to be thrown, or to pass into any sewer of a local autnority or any drain com- 
municating therewith, any matter or substance by which the free flow of the 
sewage or surface or storm water may be interfered with, or by which any 
such sewer or drain may be injured. . . . 

Section 17.— (1) Every person who turns or permits to enter into any 
sewer of a local authority or any drain communicating therewith — 

(a) Any chemical refuse, or 

(b) Any waste steam, condensing water, heated water, or other liquid (such 

water or other liquid being of a higher temperature than 110 degrees 

Fahrenheit), 
which, either alone or in combination with the sewage, causes a nuisance or is 
dangerous or injurious to health, shall be liable to a penalty not exceeding 
ten pounds, and to a daily penalty not exceeding five pounds. 

Although the law as expressed in these Acts is at first sight sufficiently 
clear, legal difficulties have arisen on many points, and have had to be 
decided by expensive litigation. For example, it has now been settled 
that under Section 15 of the Act of 1875 as applied to England, a Local 
Authority are not obliged to make sewers larger than is necessary to take 
the domestic sewage of their District. In the case of Peebles v. Oswald- 
twistle Urban District Council (1898, A.C. 387), it was decided by the 
House of Lords that where the sewers of a District are alleged to be in- 
sufficient, the proper remedy is by complaint to the Local Government 
Board under Section 299 of the Public Health Act, 1875, and when Messrs 
Mallalieu made a complaint .under this section that the Saddleworth 
Urban District Council had made default in that they bad not provided 
sewers sufficient to take their trade refuse, the English Local Government 
Board held, after inquiry (21st June 1898), that the Sanitary Authority 
had not made default, implying that they did not consider it the duty of 
the Authority to make their sewers large enough to take the trade refuse 
of their District. This, as will afterwards be shown, is not the view of the 
Local Government Board for Scotland. 

Again, in the case of Brook (Limited) v. Meltham Urban District 
Council (1908, 2 K.B. 780), it was held by the Court of Appeal that 
Section 21 of the Public Health Act, 1875, does not give a manufacturer 
a right to discharge his manufacturing effluent into the sewers of the Local 
Authority ; and this is confirmed by Lord Macnaghten's judgment in the 
case of the West Riding of Yorkshire Rivers Board v. Butter worth and Roberts 
(1909, A.C., atp. 54). 

Section 7 of the Rivers Pollution Prevention Act, 1876, seems at first 
sight to be sufficiently clear and definite, but, while the first part of the 
Section insists upon the duty of the Sanitary Authority to take the liquid 
trade refuse into the public sewers, the provisoes added there and the two 
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Sections of the Public Health Acts (Amendment) Act, 1890, give ample 
scope for legal disputation. 

There are perhaps few kinds of trade refuse which, if mixed in a crude 
state with ordinary domestic sewage, would not affect prejudicially the 
disposal of sewage, and there are many kinds of trade refuse which could 
be shown to affect the sewers prejudicially, or to be injurious from a 
sanitary point of view. Moreover, a Sanitary Authority can often easily 
show that their sewers are only sufficient for the reception of the domestic 
sewage of their District, or that their sewage works are not large enough to 
deal with trade refuse, and it has been held in the case of Brook {Limited) v. 
Mdtham Urhcm District Council (1909, A.C. 438) that the word " sewers " in 
the proviso covers the whole sewerage system, including purification works. 

In a District in which a new sewage scheme is being carried out, it is 
easy for the Sanitary Authority to make their works only large enough to 
deal with domestic sewage. It is indeed the view of the English Local 
Government Board that such works need not be large enough to take trade 
refuse. On the other hand, the Local Government Board for Scotland 
(Murray, Royal Commission on Sewage Disposal, 1898, First Report, 
vol. ii. p. 16, Q. 191), advised by their law officers, have come to the con- 
clusion that a Sanitary Authority in making now sewers must provide 
them large enough for all the sewage of their District, including trade 
refuse as well as domestic sewage ; but the Scotch law on the matter is 
somewhat different, being governed by the Public Health (Scotland) Act, 
1897, afterwards quoted. Many Sanitary Authorities have made their 
sewers big enough, for both kinds of liquids, while their sewage disposal 
works are only sufficient for dealing with domestic sewage, so that if it is 
decided in the future that they must deal wjth trade refuse, the sewers will 
not require to be relaid, and an extension of the sewage works will meet 
their increased needs. 

Before the above-mentioned cases were decided, several Sanitary 
Authorities obtained special Acts dealing with the matter. These are : — 

GLASGOW POLICE ACT, 1866. 

WOLVERHAMPTON IMPROVEMENT ACT, 1869. 

HUDDERSFIELD IMPROVEMENT ACT, 1871. 

NOTTINGHAM AND LEEN DISTRICT SEWERAGE ACT, 1872. 

NOTTINGHAM IMPROVEMENT ACT, 1874. 

DEWSBURY IMPROVEMENT ACT, 1884. 

BURY IMPROVEMENT ACT, 1885. 

HASTINGS IMPROVEMENT ACT, 1885. 

WALSALL CORPORATION ACT, 1890. 

WOLVERHAMPTON CORPORATION ACT, 1891. 

THE WEST RIDING OF YORKSHIRE RIVERS ACT, 1894. 

BILSTON IMPROVEMENT ACT, 189t5. 

BRADFORD TRAMWAYS AND IMPROVEMENT ACT, 1897. 

KEIGHLEY CORPORATION WATERWORKS ACT, 1898. 

GLASGOW CORPORATION (SEWAGE, etc.) ACT, 1898. 

MANCHESTER CORPORATION (GENERAL POWERS) ACT, 1902, 
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The Alkali Works Regulation Act, 1906, following the Act of 1881, 
which has been repealed, has a Section bearing on this question, and two 
Scotch Acts also deal with it. 

ALKALI WORKS REGULATION ACT, 1906. 

Section 3. — (1) Every work of whatever description in which any liquid 
containing either acid or any other substance capable of liberating sulphuretted 
hydrogen from alkali waste or drainage therefrom is produced or used shall 
be carried on in such manner that the liquid shall not come in contact with 
alkali waste, or with drainage therefrom, so as to cause a nuisance. 

(2) The owner of any work which is carried on in contravention of this 
section shall be liable to a fine not exceeding in the case of the first offence 
fifty pounds, and in the case of every suosequent offence one hundred 
pounds, with a further sum not exceeding five pounds for every day during 
which any such subsequent offence has continu^. 

^3) On the request of the owner of any such work as is mentioned in this 
section the sanitary authority of the district in which such work is situate 
shall, at the expense of such owner, provide and maintain a drain or channel 
for carrying off such liquid as aforesaid produced in such work into the sea or 
into any river or watercourse into which the liquid can be carried without 
contravention of the Rivers Pollution Prevention Act, 1876, as amended 
by any subsequent enactment ; and the sanitarv authority shall for the 
purpose of providing any such drain or channel have the like powers as 
thev have for providing sewers, whether within or without their district, 
unaer the Public Health Act. 

(4) Compensation shall be made to any person for any damage sustained by 
him by reason of the exercise by a sanitary authority 01 the powers conferred 
by this section, and such compensation shall be deemed part of the expenses 
to be paid by the owner making the request to the sanitary authority under 
this section. 

Section 4. — (1) Alkali waste shall not be deposited or discharged without 
the best practicable means being used for effectually preventing any nuisance 
arising therefrom. 

(2) Any person who causes or knowingly permits any alkali waste to be 
deposited or discharged in contravention of this section shall be liable to a 
fine not exceeding in the case of the first offence twenty pounds, and in the case 
of every subsequent offence fifty pounds, with a further sum not exceeding five 
pounds for every day during wnich any such subsequent offence has continued. 

Section 5. — Where alkali waste has been deposited or discharged, either 
before or after the commencement of this Act, and complaint is made to the 
chief inspector that a nuisance is occasioned thereby, the chief inspector, if 
satisfied of the existence of the nuisance, and that it is within the power of 
the owner or occupier of the land to abate it, sliall serve a notice on such 
owner or occupier requiring him to abate the nuisance ; and if such owner 
or occupier fails to use the oest practicable and reasonably available means 
for the abatement thereof, he shall be liable to a fine not exceeding twenty 
pounds, and, if he does not proceed to use such means within such time as 
may be limited by the court inflicting such fine, he shall be liable to a further 
penalty not exceeding five pounds for every day after the expiration of the 
time so limited during which such failure continues. 

THE BURGH POLICE (SCOTLAND) ACT, 1892. 

Section 233. — Any owner or occupier of distilleries, manufactories, or 
other works, who causes or permits any refuse, refuse water, steam, or other 
substances fitted to interrupt the free passage of a sewer, or to be otherwise 
injurious thereto, or to be injurious to the health of persons living in the 
vicinity, to enter a public sewer, river, or inland loch, or public reservoir, or 
dock, from any such works, shall be guilty of an offence, and shall, on convic- 
tion before the Sheriff, be liable to a penalty of five pounds for every day or 
Sart of a day during which such offence continues, besides being liable for all 
amages, and for alTexpeuses for taking out of the sewer any refuse or sub- 
stance that may have entered it from his works. 

19 
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Such owners or occupiers shall construct pools or reservoirs as near their 
works as possible for receiving and depositing such refuse and other substances. 
If it shall be impracticable, in the judgment of the Commissioners, to 
render such refuse or other substances inoffensive or innocuous, or to prevent 
the same from interrupting the free passage of the sewer, or otherwise injuring 
the same, it shall be lawful for the Commissioners to prohibit and interdict 
such owner or occupier from permitting the same to run into such sewer 
from his works aforesaid ; and while such prohibition and interdict are in 
force, or if, and so long as the owner or occupier of such works makes no use 
of the sewers, in consequence of having, before this Act came into operation, 
made separate arrangements for the drainage of the works, such owner or 
occupier shall be entitled to be exempted from the sewer rates to the extent 
of seventy -five per centum thereof, applicable to the whole building or such 
part or parts thereof as bv such pronibition or previous separate arrange- 
ment are deprived directly or indirectly of any benefit from the sewer ; 
Srovided that the sewer rates payable in respect of the other parts of such 
istilleries, manufactories^ and other works, and all warehouses, offices, and 
other buildings connectea therewith, shall still remain payable ; and if the 
prohibition and interdict be at any time, by the Commissioners, withdrawn, 
or the owner or occupier having previous separate arrangements shall begin 
to use the sewers, then the exemption shall cease so soon as the owner or 
occupier avails himself, to any extent, of the withdrawal of the prohibition 
by permitting the substances prohibited to pass into the sewers, and if the 
owner or occupier is dissatisfied with the decision of the Commissioners as to 
the practicability aforesaid, or as to the part of the works for which such 
exemption ought to be made, it shall be lawful for such owner or occupier to 
appeal to the Sheriff in manner after provided. 

THE PUBLIC HEALTH (SCOTLAND) ACT, 1897. 

Skotion 110. — Any owner or occupier of premises within the distriet of a 
local authority liable for the public health general assessment or special 
sewer assessment shall be entitled to cause his drains to empty into the 
sewers of such local authority on condition of his giving twenty days' previous 
notice of his intention so to do to the local authority, and of complying with 
their regulations in respect of the mode in which the communications between 
such drains and sewers are to be made, and subject to the control of any 
person who may be appointed by the local authority to superintend the 
making of such communications. Provided always that tne sewage so 
emptied or discharged into the sewers is not of a nature to cause dama^ to 
the structure of the sewer or, by admixture with other sewage therein, to 
cause a nuisance. 

Section 116. — The owners or occupiers of distilleries, manufactories, and 
other works shall be compelled, where possible, to dig, make, and construct 
pools or reservoirs within their own ground, or as near their works as 
possible, for receiving and depositing the refuse of such works so far as 
oftensive or injurious or dangerous to the health of those living in the 
vicinity thereof or to use the best practicable means for rendering the same 
inoffensive or innoxious before discnarging it into any river, stream, ditch, 
sewer, or other channel. 

Section 117. — (1) It shall not be lawful for any person to throw or 
suffer to be thrown or to pass into any sewer of a local authority, or any 
drain communicating therewith, any matter or substance by which the free 
flow of the sewage or surface or storm water may be interfered with, or by 
which any such sewer or drain may be injured. 

(2) Every person offending against this enactment shall be liable to a 
penalty not exceeding ten pounds, and to a daily penalty not exceeding 
twenty shillings. 

Section 120. — If a house, distillery, manufactory, or other work, within 
the district of a local authority, is without a drain, or without such drain as 
is sufficient for effectual drainage, the local authority may, by notice, require 
the owner of such house, distillery, manufactory, or work, within a reason- 
able time therein specified, to make a sufficient drain emptying into any 
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sewer which the local authority are entitled to use, and with whicli the owner 
is entitled to make a communication, 00 that such sewer be not more than one 
hundred yards from the site of the said premises of such owner ; but if no 
such means of drainage are within that distance, then emptying into such 
covered cesspool or other place, not being under any house, as the local 
authority may direct ; and if the person on whom such notice is served 
fails to comply with the same^ the local authority may, at the expiration of 
the time specified in the notice, do the work required, and the expenses 
incurred by them in eo doing may be recovered from such owner in a summary 
manner. 

Provided that where in the opinion of the local authority greater expenses 
would be incurred in causing the drains of two or more houses to empty into 
an existing sewer pursuant to this section than in constructing a new sewer 
and causing such arains to empty therein, the local authority may construct 
such sewer and require the owners of such houses to cause their drains to 
empty therein, and may apportion as they deem just the expenses of construc- 
tion of such sewer among the owners of the several houses, and recover in a 
summary manner the sums apportioned from such owners, or in case of 
dispute the matter shall be determined summarily by the sheriff. 

There are few additional points in these Acts. The Glasgow Act of 
1866 gives the Corporation power to compel the construction of special 
trade sewers in certain cases. The Wolverhampton, Huddersfield, Notting- 
ham, Bilston, Bradford, and Keighley Acts safeguard the manufacturer who 
may be turning objectionable refuse into the sewers, provided that he has 
used the best practicable means for previously removing the objectionable 
matters. The Bradford Act provides for the compensation of certain 
manufacturers before the Act can be enforced against them, and, like the 
Bury Act, defines that dyers are to provide settling pools for their waste 
waters before discharging these into a public sewer. The Glasgow Act of 
1898 prohibits the discharge into the sewers of any liquid which would be 
injurious to the construction or efficiency of the sewers or sewage works. 
The Alkali Act of 1906 allows a Sanitary Authority to construct a private 
drain for certain kinds of trade refuse in the same manner and under the 
same powers as a public sewer ; and the Burgh Police (Scotland) Act, 1892, 
like the Bradford Act, defines to some extent the purification works to be 
constructed by the manufacturers or the owners of manufactories, and in 
addition provides for the reduction of the sewer rate payable by any 
manufacturer who has provided separate arrangements for the drainage of 
his works. The West Riding of Yorkshire Rivers Act, 1894, only repeats 
the provisions of Section 7 of the general Act of 1876. In the Manchester 
Act, 1902, nothing is said with regard to trade refuse interfering with the 
treatment of the sewage, but the Corporation are given the. power to pro- 
hibit the discharge into the sewer of matters which may be injurious to 
the sewers, or may cause a nuisance or involve danger to the health of 
persons entering the sewers or others. If any person disputes the reason- 
ableness of any such prohibition he may appeal to a referee appointed by 
the Stipendiary Magistrate. The Act also gives the Corporation power to 
construct an inspection chamber on the drain within any manufacturing 
premises connected with the sewers. 
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The Public Health (Scotland) Act, 1897, deserves special notice. It 
apparently takes as undoubted the duty of a Sanitary Authority to receive 
all manufacturing refuse in their District into the sewers and the right 
of a manufacturer thus to discharge his refuse, provided that it will not 
damage the sewers or cause a nuisance, and enacts by Section 116 that 
the owners or occupiers of manufactories are to be compelled to provide 
settling tanks for the removal of oifensive and injurious substances from 
their refuse before discharging it from their premises. It must also be 
noted that nothing is said in this Section of the effect of the trade refuse 
on the treatment of the combined sewage, it may be because this side of 
the question is already dealt with sufficiently in the general Rivers 
Pollution Prevention Act, 1876. 

The Third Report of the Royal Commission, 1898, issued in 1903, 
marks a distinct stage in the development of the question. The Com- 
missioners state : 

Par. (22) We are therefore of opinion that the law should be altered so as to 
make it the duty of the Local Authority to provide such sewers as are necessary to 
carry trade effluents as well as domestic sewdge, and that the manufacturer 
should be given the right, subject to the observance of certain safeguards, to 
discharge trade effluents into the sewers of the Local Authority if he wishes to 
do so. . . . In each district it would probably be desirable that the Local 
Authority should frame regulations which should be subject to confirmation by 
a Central Authority. . . . 

(23) Although the duty of receiving trade effluents should, we think, be 
imposed on the Local Authority, cases may arise in which they shoidd be wholly 
or partially relieved of it. . . . And it is possible that in some cases as, for 
example, of a large manufactory being newly established in a small District, 
it might be necessary to relieve the Authority of the obligation to treat the 
trade effluent or to enable them to exact some special contribution from the 
manufacturer not only for the cost of treatment but also towards capital 
expenditure. 

(24) It is obvious, therefore, that some tribunal will be required for settling 
differences between the Local Authority and the manufacturer, and for 
relieving the Local Authority in exceptional cases either wholly or partially of 
their obligation to provide sewers and disposal works of sufficient capacity for 
trade effluents as well as ordinary sewage. . . . 

(26) In many cases a part or the whole of the water which the manufacturer 
uses in his business is obtained from a stream and must therefore be returned to 
the stream. We do not propose that the manufacturer should by statute be 
relieved of this liability. If he is able to relieve himself from the obligation by 
obtaining the necessary consents from other riparian owners or by providing 
compensation water, then he might discharge his effluent into the sewer, but the 
responsibility must rest entirely on the manufacturer : the Local Authority 
should be expressly exempted from any liability for the infringement of riparian 
rights by the discharge into the sewer of water obtained from a stream. 

(29) Having regard to these considerations, we are of opinion that generally 
no special charge should be made on the manufacturer in those cases m which 
the regulations as to preliminary treatment are complied with. As we have 
already stated, it is desirable that wherever practicable, some preliminary treat- 
ment should be carried out by the manufacturer. But where the manufacturer 
is unable to comply with these regulations we consider that the Local Authority 
should be empowered to make a special charge. Power should also be granted 
to make a special charge, even when preliminary treatment is adopted, where 
there are exceptional circumstances as regards volume, quality, or otherwise. 

(30) We should leave the actual amount of the charges to be fixed by agree- 
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ment between the manufacturer and the Local Authority. In default of 
agreement the amount should be settled by a superior authority. . . . 

(34) . . . We consider that all manufacturers should be placed on the same 
footing, and that the proposals which we have made as to preliminary treatment 
by the manufacturer and as to a special charge being made upon nim by the 
Local Authority in certain cases, should apply equally to the manufacturer whose 
trade effluent already passes into the sewer and to the manufacturer who is only 
proposing to obtain a connection. 

(38) It may also sometimes be necessary for the Local Authority to construct 
a sewer for the reception of trade refuse alone, and, in certain circumstances, it 
may be desirable that the Local Authority should provide a separate system of 
trade sewers, and also works for the partial treatment of trade effluents before 
they are mixed with the ordinary sewage for final purification. If powers to 
construct such works are not already possessed by Local Authorities, they should 
be conferred upon them. 

(39) . . . We think it desirable that power to undertake the disposal of 
sludge at the expense of the manufacturer should be conferred on the Local 
Authority. We do not think, however, that the manufacturer should be em- 
powered to compel such removal. If compulsion is necessary, this should be 
exercised by a superior authority in the manner hereinafter explained. 

(44) . . . We unhesitatingly recommend the creation of such an Authority 
... for the determination of differences between the Local Authority and the 
manufacturer. . . . 

(56) In our opinion it is desirable that such differences should be settled by 
the Rivers Boards whenever this can be done, and, having regard to the 
valuable experience which these bodies have accumulated, to the fact that they 
represent large areas and possess capable officers, and to the confidence which 
they command, we think the following cases might very properly be referred to 
them in the first instance, power being given to either party to appeal to the 
Central Authority : — 

1 . Differences between the manufacturer and the Local Authority as to 

variation of the general regulations respecting preliminary treatment 
to meet particular cases. 

2. Differences as to the amount of the special charge to be imposed on 

the particular manufacturer. 

3. Disputes as to whether the preliminary treatment adopted by the 

particular manufacturer complies with the regulations. 

4. Differences as to the removal of sludge. 

(67) We think, however, at any rate for the present, that the following cases 
should be dealt with by the Central Authority alone : — 

(a) Refusal of a Local Authority to allow a particular trade effluent to 

enter their sewers. 
(6) Refusal of a Local Authority to construct or enlarge sewers for the 
purpose of a particular manufactory. . . . 

(61) . . . We do not, however, consider that the Central Authority should 
take the place of local bodies in regard to the protection of rivers and other 
sources of water supply. On the contrary, we think local power should be 
utilised to the fullest extent possible. . . . 

(62) In our opinion such power can only be fully utilised by the formation 
of Rivers Boards throughout the country, ana we therefore recommend that such 
Boards should be formed. 

(70) The Central Authority should exercise a general superintendence over 
the whole country in regard to the prevention of pollution of water. They 
should direct any inquiries or investigations which they may consider desirable, 
and generally they should stimulate and encourage Rivers Boards to an active 
exercise of their powers. 

Although no general Act of Parliament dealing with the subject has 
been passed since these recommendations were issued, there have been 
three local Acts based on them which have been passed by agreement 
between the Local Authorities and the manufacturers, and these put all 
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the manufacturers upon the same footing, whether their premises previously 
drained to the sewers or no. These are : — 

HALIFAX CORPORATION ACT, 1905, Part II. 
HECKMONDWIKE IMPROVEMENT ACT, 1905, Part VIII. 
HUDDERSFIELD CORPORATION ACT, 1906, Part II. 

The three Acts are very similar in their provisions, and it may 
suffice to describe these in the latest, the Huddersfield Act A trader is 
given the right, with certain exceptions, to discharge his trade refuse into 
the sewer ; on the other hand, regulations are to be made providing for 
the exclusion of clean water, the removal of solids and grease, and the 
regulation of the flow of refuse, so as to ensure a uniform rate of discharge 
into the sewers during each working day. The regulations are to provide 
for payment by the trader where he is unable to remove the solids and 
grease, or to regulate the flow, or in other exceptional cases, and these 
regulations are to be settled by agreement between the Corporation and 
representatives of the traders. If any dispute arises it may be referred 
to the Local Government Board or to arbitration under the Arbitration 
Act, 1889. The Corporation are given the same powers and duties with 
regard to the removal and disposal of trade refuse as they have with 
regard to sewage under the Public Health Act, 1875. They may also, at 
the cost of any trader, remove and dispose of any sludge produced in the 
treatment of trade refuse upon trade premises. 

Apart from all special Acts of Parliament, local or general, dealing 
with the matter, the common law of riparian rights has a great bearing 
on it. A riparian owner has the right to all the water flowing, or which 
would flow, naturally, down a stream, and it may therefore be impossible 
for a manufacturer who uses water drawn from a stream to turn it, when 
polluted, into the public sewer, and thus to let it be conveyed away from 
the premises of an owner of property lower down. Very frequently, how- 
ever, in such cases the manufacturer has other sources of water supply, say 
from a well or the town's mains, and can return to the stream a quantity 
of water from his less polluting processes equal to that drawn from the 
stream, while the more polluting part of his trade refuse is turned into 
the public sewer ; or it may even pay a manufacturer to sink a well or get 
his water from the public supply so as to be able to divert his liquid refuse 
from a stream, rather than to construct the special purification works 
necessary to enable him to continue discharging into the stream. 

In one way or another most Sanitary Authorities who have control of 
Districts in which there are important manufacturing interests to consider 
have admitted trade refuse into the public sewers, and, having done so, it 
seems doubtful if they have power to revoke their decision and to cut off 
any manufacturer who has been permitted to connect up his drains to the 
sewers. What power they may have under the provisoes of Section 7 of 
the Act of 1876 is very difticult to enforce, and may apparently be set at 
naught by a manufacturer who sdopts measures to remove from his trade 
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refuse anything that would interfere with the treatment of the sewage 
with which his refuse is mixed [see Eastwood Brothers (^Limited) v. Hordey 
Urban District Council (1900, 1 Ch. 781, and 1901, 1 Ch., 645) j also 
Attorney General and Sevenoaks Rural District Council v. Whitmore^ " The 
Times," 25th July 1900; and Soutkall Norwood Urban District Council 
V. Middlesex County Council (1901, 83 L.T. (N.S.) 742)]. 

When a Sanitary Authority are requested by a manufacturer to deal 
with his trade refuse they have to consider upon what conditions they 
will permit him to connect his drains to the sewers, for, as has been stated, 
this connection is certain to involve an increased cost for sewage disposal, 
and some kinds of refuse are likely to cause injury to the sewers. Cases 
are on record, for instance, where the discharge of sulphate of lime has 
blocked the sewers, acid refuse has destroyed them by corrosion, and carbon 
bisulphide or petrol has given rise to explosions. The Sanitary Authority 
should therefore have power to make regulations governing the admission 
of refuse, and these in the case of new connections can generally be 
arranged by formal agreements. 

In most cases a preliminary partial purification of the trade refuse is 
now demanded, or, failing this, a payment by the trader towards the 
increased cost of sewage treatment due to the presence of his trade refuse. 
This is only reasonable in view of the greatly increased cost of dealing 
with a sewage containing any large proportion of crude trade refuse, and 
the various troubles and difEculties which the refuse may cause in the 
sewers and at the sewage works. For example, waste dyewaters often 
contain large amounts of suspended solids and are often strongly acid in 
reaction, the solids increasing the sludge difficulty which is always present 
at sewage works, and the acidity requiring the addition of enormous 
quantities of lime for its neutralisation ; tannery and brewery refuse are 
strongly charged with suspended solids, and, moreover, contain in solution 
elements which interfere seriously with the process of sewage purification ; 
the suds from wool washing, piece scouring, and silk boiling in their crude 
state render a sewage much more difficult and expensive to purify because 
they contain large amounts of fatty matter, which coagulates in settling 
tanks and produces a thin and watery sludge, chokes up filters, and coats 
irrigation areas with an almost waterproof covering ; liquids such as waste 
pickle from wire works and spent gas liquor may interfere disastrously 
with the living organisms upon which sewage purification in all cases finally 
depends. 

A comparison of the composition of ordinary domestic sewage with 
some of the forms of crude trade refuse shows at once the more polluting 
character of the latter, and the object of any preliminary treatment de- 
manded may be taken to be the purification of the trade refuse only so far 
as to make it no stronger in polluting character than ordinary sewage, and 
to free it from everything which would unduly interfere with the effective 
purification of the combined sewage (see Tables LXXIV. and LXXV.). 
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1 

The preliminary treatment of trade refuse is secured by various 
Sanitary Authorities in different ways. Bingley, Bradford, and Manchester 
call upon the manufacturer to sign an agreement. Many Authorities, as, 
for instance, Brighouse, Keighley, Leeds, Liversedge, and Manchester, 
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have drawn up certain conditions which must be fulfilled by the manu- 
facturer. Sometimes the Surveyors prepare a typical set of plans for the 
information of the manufacturers, which need not be followed closely, but 
which can be adapted to the circumstances of any individual case : this 
course has been adopted at Brighouse, £lland, and Ossett. Some Authorities 
require the manufacturer to prepare plans of purification works and to 
submit them for their approval : this, for example, is the course taken in 
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Fio. 68.— Works for the preliminary treatment of Refuse from a Woollen Mill. 
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Bristol, Leeds, Leicester, and Pudsey. In a few cases the Authorities, 
doubtful of committing themselves by approving of the plans of any 
purification works, simply inform the manufacturer that he may connect 
his drain to the public sewer, but that he must remove from his trade 
refuse anything which will interfere with the treatment of the sewage: 
this is the course which has been adopted in the past at Morley and 
Wakefield. At Salford and Hyde the Corporation undertake to remove 
and dispose of any sludge collected in preliminary treatment works free of 
any charge to the manufacturer. And finally, in more than one instance 
the Authority has made an agreement with the manufacturers in the 
district to allow trade refuse to be discharged into the sewers on condition 
that the manufacturers will subscribe towards the increased cost of the 
sewage works' necessary, or the increased working expenses of sewage 
treatment, or both : this, for example, is the bargain entered into at 
Tadcaster, Mossley, and New Mill. 

Figs. 67 and 68 show plans and sections of works which have been 
provided at two mills for the preliminary treatment of trade refuse. At 
these mills the trade refuse is from wool washing, piece scouring, and 
dyeing, and the total volume of liquid refuse is some 15,000 gallons per 
day in each case. 

For the conditions imposed upon the manufacturers the regulations 
made by the Corporation of Manchester may be taken as an example. 

MANCHESTER CORPORATION. 

Regulations for Admission of Trade Refuse into Sewers. 

1. All liquid trade refuse from the manufactory shall be passed into and 
through suitable settling tanks to be approved by the Corporation, the same 
to be constructed and at all times maintained by and at the cost of the Owner 
to the satisfaction of the Corporation. 

2. By means of the settling tanks and by such other means as shall be 
from time to time approved by the Corporation the resulting effluent shall be 
made : — 

(a) free from solids in suspension beyond 15 grains to the gallon ; 
(6) free from any substance, matter, or thing which shall or may (either 
alone or in combination with other matter or liquid, or with the 
ordinary sewage) 
(i.) be injurious to the structure or materials of the sewers or 

works of the Corporation 
(ii.) be injurious to the sewers or the sewage therein, 
(iii.) cause or create a nuisance either within or without the sewers, 

and 
(iv.) be dangerous or injurious to health either within or without 
the sewers ; 
(c) free from any substance, matter, or thing the discharge of which into 
the sewers may contravene any public or local Act of Parliament or 
Rule of Law. 

3. The Owner shall remove as frequently as may be necessary from the 
settling tanks all solid refuse and solid matter which may be from time to 
time deposited therein. 

4. Onlv the effluent from the settling tanks which complies with Regula- 
tion 2 shall be discharged ipto the sewers. 

5. The maximum aggregate daily quantity of effluent which may pass 
from the manufactory into the sewer shall be agreed between the Owner 
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and the Corporation before any connection with the sewer is made or any 
works for that purpose are commenced. The size and capacity of the drain 
for conveying tne effluent from the manufactory to the sewer shall be deter- 
mined by the City Surveyor, and shall be such as, having regard aa well to 
the agreed maximum aggregate daily quantity of effluent as to the intended 
inclination of the drain, will be necessary to secure that only such agreed 
quantity shall and may be conveyed into the sewer at a uniform and regular 
rate of flow throughout the twenty-four hours of every day. 

6. The Owner shall provide and efficiently maintain a reservoir or 
receptacle at the manufactory sufficient to hold at least one half the agreed 
maximum aggregate daily quantity of effluent and shall cause the effluent to 
pass into such reservoir or receptacle and be thence conveyed by the drain 
into the sewer. 

7. There shall be constructed and maintained by and at the cost of the 
Owner at or near the outlet of the drain into the sewer an examination 
shaft and apparatus so designed as to enable the Corporation or their officers 
to obtain at pleasure from time to time samples of the efflijent discharged 
into the sewer. 

8. The works shall be constructed and carried out to the satisfaction in all 
respects of the City Surveyor and shall be at all times subject to these 
Regulations and the Acts of Parliament (public or localX Bye -laws and 
Regulations for the time being in force in the City of Manchester in relation 
to the subject matter of these Regulations. In particular, in the works of 
excavating for and making and maintaining the drain or anything therein 
or connected therewith the Owner will adopt such measures and generally 
carry out the works in such manner as shall be suggested or required by the 
City Surveyor for ensuring the satisfactory execution of the work for 
eflfectually protecting the sewers, drains, gas and water pipes, wires, tramlines, 
and apparatus for ensuring perfect stability for the surface of the street and 
for preventing the complete stoppage of the traffic thereon, Provided that 
the fact of the City Surveyor giving or failing to give any instructions or 
directions respecting the works shall not relieve or exonerate the Owner 
from any obligations or liability imposed upon him by these regulations or 
at law. 

9. Any work of removing the pavement and flagging of the street and of 
restoring and making good the same shall be done by the Corporation at the 
expense of the Owner, and the Owner shall pay any such expense to the 
Corporation on demand. 

10. The Owner shall permit the City Surveyor or any other duly 
authorised officer of the Corporation to enter the manufactory from time to 
time and to inspect the condition thereof. 

11. If at any time the works provided for by these regulations or any of 
them or anything therein respectively shall in the opinion of the Corporation 
or the City Surveyor be in a dilapidated, unsafe, inefficient, or unsatisfactory 
condition, or if the same shall not be kept and maintained in proper working 
order or shall not be duly and properly fulfilling these regulations in ail 
respects, or if proper arrangements for removing the solids from the trade 
refuse are not in regular and constant operation, it shall be lawful for, but 
not obligatory on, the Corporation, in addition and without prejudice to "their 
other remedies, by statute or contract, at the risk and cost of the Owner (after 
first giving to the Owner one week's notice in this behalf), either to repair, 
reinstate, or complete the same, or to remove and disconnect the drain from 
the sewer, as the Corporation in their absolute discretion may think fit, and 
to enter upon the property of the Owner for the purpose of executing the 
necessary works in that behalf. The Owner shall pay to the Corporation on 
demand the cost to be incurred by the Corporation in any such work of 
repair, reinstatement, completion, or disconnection, such cost to be from time 
to time ascertained and certified by the City Surveyor, whose decision shall 
be final and binding on all parties. 

12. Any cost and expenses which may be incurred by the Corporation, 
and which under these regulations shall be repayable to them by the Owner, 
shall include five pounds per centum for superintendence, and shall carry 
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interest at four pounds per centum per annum from and after the expiration 
of one calendar month after service upon the Owner of a demand for payment 
of such costs and expenses. 

13. The arrangements contemplated by these regulations do not extend 
to the reception into the sewers of^surface and storm water or of water which 
has been taken or diverted from a river, stream, or canal. 

14. The Owner shall enter into an agreement, to be prepared by the Town 
Clerk, for securing the due observance of these regulations. 

15. In these regulations the following words have the meanings here 
assigned to them : — 

"Owner'' means and includes the owner and occupier for the time 

being of the manufactory, 
" Manufactory " includes any works, manufactory, or premises in the 

City of Manchester in which liquid trade refuse is produced, 
"City Surveyor" means the City Surveyor for the time being of the 
City of Manchester, 
and words, in the singular number include the plural, and words in the 
masculine gender include the feminine. 

Forw, of Application. 
To THE Corporation of the City op Manchester. 

I apply for your permission to make a connection from my Works situate 

with the Sewer in 

Street, in the City of Manchester, 

for the purnose of carrying the liquids from such Works into such Sewer. 

The trade or process carried on at such Works is that of a 

The maximum daily volume of liquids issuing from such Works is about 

gallons. 

In the event of my application being complied with, I undertake that the 
foregoing Regulations shall at all times be duly observed by the Owner and 
Occupier for the time being of the said Works. 

The Owner and Occupier of the Works are prepared to enter into an 
Agreement for that purpose, to be prepared by the Town Clerk of Manchester. 
The Names and Adaresses of Buch Owner and Occupier are : — 

Owner 

Occupier 

Signature 

Address. 

Date , 

^s an example of the form of agreement entered into, that adopted by 
the Bradford Corporation may be cited. This deals with cases of new 
connection to the sewer, and a somewhat different form is used in cases 
of existing connection. 

BRADFORD CORPORATION. 

Agreement betweeti Corporaiion and Manufacturers, 

Articles of Agreement made this day of 191 

between 

(hereinafter called " the Firm " ) of the one part, and the Mayor, Aldermen, 
and Citizens of the City of Bradford in the County of York (hereinafter 
called " the Corporation " ) of the other part, whereas the Firm have made 
application to the Corporation for permist<ion to connect the premises of the 
Firm at (hereinafter called " the Premises " ) with 

the Sewer of the Corporation in Street in the said 

City by means of a inch drain between the points A and B on the 
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plan hereto annexed, which drain is intended to convey into the sewers of 
the Corporation the purified effluent proceeding from the trade processes 
carried on by the Firm at the Premises, which said purified effluent and 
drain are hereinafter respectively called " the said effluent " and " the said 
drain,'' and whereas the Corporation have agreed to comply with the said 
application upon and subject to the terms and conditions hereinafter appear- 
ing, now these presents witness, and it is hereby mutually agreed by and 
between the parties hereto as follows, namely : — 

(1) The Firm or their Contractor shall not connect the said drain 
with the said sewer of the Corporation without first obtaining a permit 
from the City Surveyor for tne time being and complying with the 
regulations in force in the City with respect to the connection of drains 
with the sewers of the Corporation, nor shall such connection be made 
until the works hereinafter mentioned for purifying and r^ilating the 
flow of the said effluent and for arresting and removing therefrom all 
solid matters and matters in suspension shall have been completed. 

(2) The said drain shall not at any time be used for the purpose of 
conveying domestic sewage into the sewers of the Corporation. The 
Firm will not connect any other drain w^hatsoever with the said drain, 
nor with the sewers of the Corporation, without first obtaining a permit 
from the City Surveyor and complying with the regulations with respect 
to the connection of drains with the sewers of the Corporation which 
may from time to time be made by the Corporation and be in force in 
the City. 

^3) The Firm will not at any time make use of any drain made or 
used for the purpose of conveying domestic sewage from the Premises 
for the purpose of conveying any effluent or refuse of any kind proceed- 
ing from the trade processes carried on at the Premises into the sewers 
of the Corporation, and will so construct and maintain any drain made 
or used for the purpose of conveying domestic sewage from the Premises, 
that no effluent or refuse of any kind proceeding from the said trade 
processes can find its way into such drain. 

(4) The Firm shall and will before connecting the said drain with 
the said sewer of the Corporation provide adequate filters, tanks, and 
other apparatus sufficient to purify and regulate the flow of the said 
effluent and to arrest and remove therefrom all solid matters and matters 
in suspension, and will at all times keep and maintain the said filters, 
tanks, and other apparatus in good and efficient working order, and will 
from time to time, if the said filters, tanks, and other apparatus shall in 
the opinion of the Corporation or their Sewage Works Engineer (herein- 
after called '* the Engineer " ) at any time be not in good working order, 
make and cause to be made such alterations therein and additions thereto 
as may be necessary to make the said filters, tanks, and other apparatus 
sufficient to purify and regulate the flow of the said effluent, and to 
arrest and remove therefrom all solid matters and matters in suspension. 
The Firm shall and will also from time to time make such amendment 
or alteration to the satisfaction of the Engineer or of the City Surveyor 
in respect of the mode of communication between the said drain and the 
said sewer of the Corporation as the Corporation by writing imder the 
hand of the Enjjineer or of the City Surveyor shall require, 

(5"^ The Firm will not use or suff'er or permit the said drain to be 
used for any other purpose whatever except for the purpose of carrying 
the said effluent into the sewers of the Corporation without the 
express leave in writing of the Corporation under the hand of the 
Engineer. 

(6^ The Firm shall and will cause to be passed into and through the 
said niters, tanks, and other apparatus all tne effluent and liquias pro- 
ceeding from the said trade processes before they are discharged into the 
said drain. 

7) The Firm shall and will construct and maintain to the satisfaction 

le Corporation or the Engineer an inspection chamber on the line 

of the said drain, in such a position and in such a way that the Engineer 
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and others, the officers of the Corporation, shall at all times by day and 
by night have free access to the said drain for the purpose of examining 
and taking samples of the li([uid being discharged from the Premises 
into the said sewer of the Corporation, and the Firm shall and will at all 
times of the day and night give and allow to the Engineer and other 
officers of the Corporation free access to the said chamber. 

(8) The Firm shall and will permit the Engineer or any officer of 
the Corporation duly authorised m this behalf from time to time and at 
all reasonable times to enter the Premises and to inspect the condition 
thereof with a view to seeing that the terms and conditions of this 
Agreement and the provisions herein contained are being duly observed 
and performed, and that all proper precautions and means for passing 
all the effluent and liquids proceeding from the said trade processes into 
and through the said filters, tanks, and other apparatus, and for purify- 
ing and regulating the flow of the said effluent and for arresting and 
removing therefrom all solid matters and matters in suspension are from 
time to time being taken. 

(9^ The Firm undertake that the said effluent, when discharged from 
the Premises into the said sewer of the Corporation, shall be to the 
satisfaction of the Corporation or the Engineer. 

(10) This Agreement is without prejudice to the provisions contained 
in Part III. of the Public Health Acts (Amendment) Act, 1890, and to 
the right of the Corporation to take proceedings in the event of any 
nuisance arising from the premises, and is not to be deemed as in any 
way authorising a breach 01 the Injunction of the Court of Chancery now 
subsisting against the Corporation prohibiting the discharge of sewage 
not properly purified into the Bradford Beck, or as authorising the 
admission into the public sewers of any effluent or refuse of any kind 
from the Premises tnat would interfere with the treatment or utilisation 
of the sewage of the City, which is prohibited by the Bradford Tramways 
and Improvement Act, 1897, and the Rivers Pollution Prevention 
Act, 1876. 

(11) Nothing in this Agreement shall be deemed or held to constitute 
an admission on the part of the Corporation of any obligation to admit 
to their sewers or to treat or dispose of trade refuse or effluent. 

(12) This Agreement and everything herein contained may be 
determined at any time by either party giving to the other party three 
calendar months' written notice of their desire to so determine it, and 
thereupon the privilege hereby granted to the Firm to pass the said 
effluent into the sewers shall cease, and at the expiration of the said 
notice the Firm shall and will disconnect and remove the said drain 
from the said street after obtaining a permit from the City Surveyor, 
and complying in all respects with his requirements. 

(13) If the Firm shall fail to observe and perform any of the pro- 
visions hereinbefore set forth and on their part to be observed or per- 
formed, or if the said effluent when dischargea into the sewers shall in the 
opinion of the Corporation or the Engineer prejudicially affect the sewers 
of the Corporation or the disposal of the sewa^ matter conveyed along 
such sewers, or be of a character or have qualities that would make it 
likely to interfere with the treatment or utilisation of the sewage of the 
City, or shall be in any other respect not to the satisfaction of the Corpora- 
tion or the Engineer, it shall he lawful for the Corporation by their servants 
and agents, Aner giving to the Firm seven days' notice under the hand 
of their Town Clerk in that behalf, to absolutely determine this Agree- 
ment, and thereupon the privilege hereby grantea to the Firm to pass the 
said effluent into the sewers shall cease, and the Corporation may at any 
time thereafter disconnect the said drain from the said sewer of the 
Corporation, and for that purpose enter into and upon the Premises, and 
dig down to the said drain and block it up without beii^ liable for any 
loss or damage thereby occasioned to the Firm or to the Premises. 

In witness whereof the said 
have hereunto set their hands and seals, and the Corporation have caused 
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their Common Seal to be hereunto affixed the day and year first hereinbefore 
written. 

Signed, sealed, and delivered ^ 
by the said 

I 



The Common Seal of the 
Corporation was hereunto affixed 
in tne presence of 



Lord Mayor. 



Town Clerk, 



It should be noted that under the recent Acts of Halifax, Heckmondwike, 
and Huddersfield, although the Authorities have the powei of calling upon 
the trader to give his refuse a preliminary purification, they have preferred 
to allow him to discharge it in its crude state into the sewers on condition 
of his paying according to the nature and volume of his refuse. This is 
generally the wiser course to adopt, for where preliminary purification is 
insisted upon it is often found that the works provided by the manu- 
facturer are mismanaged or neglected, and that the effluent discharged 
into the sewer is nearly as bad as the crude refuse. 

The regulations drawn up by agreement between the Corporation of 
Halifax and the traders are as follows: — 

COUNTY BOROUGH OF HALIFAX. 
General Regulations purstiant to Section 11 of the Halifax Corporation Act, 1905. 
Made by the Halifax Corporation, on tub 2nd day of October 1907. 

1. Trade Refuse shall be discharged into a sewer at a uniform and 
regular rate of flow during working hours, so far as reasonably practicable, 
and with due regard to space and requirements of the business for the time 
being carried on on the Trade Premises affected. 

2. (a) The Corporation may construct and maintain at their cost at or 
near the outlet of the drain into the Sewer, an examination shaft and 
apparatus so designed as to enable the Corporation, or their Officers, to obtain 
from time to time samples of the Trade Refuse discharged into the Sewer. 

(6) Any sample obtained by the Corporation for the purposes of this Act 
shall be taken m two bottles of similar size and construction, and shall 
forthwith, before removal from the premises, be securely sealed up and signed 
and marked with the date and time of and place where taken by the person 
taking the same, and one bottle shall be left by such person with the Trader, 
or his representative for the time being in charge of the Trade Premises 
affected. 

3. Any works shall be constructed and carried out subject to the General 
Regulations and the Acts of Parliament (public or local) for the time being 
in force in the Borough of Halifax in relation to the construction of drains 
and the connection thereof with the Sewers. 

4. All Statutory Powers vested in the Corporation for the inspection of 
drains shall apply to any drain to which this Act applies. 
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5. (a) Any Trader now or hereafter adopting preliminary treatment of 
Trade Kefuse shall provide, maintain, and use on the space to be provided 
for the purpose all plant and apparatus necessary and proper, so far as 
reasonably practicable, within the intent and meaning of Section 1 1 , Sub- 
section (3) of the said Act, to effect a preliminary treatment of the Trade 
Refuse produced by him at the Trade rremises affected, before discharging 
the same into the sewer, or into any drain communicating therewith. 

(6) Any Preliminary Treatment Works fulfilling the requirements of 
Part (a) of this Clause, maintained and used at the date when these Regula- 
tions shall come into force, shall for all purposes be deemed to have been 
provided to fulfil the requirements of these Regulations. 

(6). (a) Wherever the Corporation shall be entitled under the said Act 
to make any charge for the removal and disposal of Trade Refuse, they may 
charge the Trader in accordance with the Table set forth in the Schedule 
hereto. 

(b^ In case of any Industry not coming under one of the several sub- 
divisions of the Classes for the time being mentioned in the said Table being 
hereafter carried on by any Ti'ader, such Industry shall be entered imder 
one of the said Classes as a sub-division thereof, or shall be entered as an 
additional class of industry, and a charge fixed thereunder, as may be agreed 
between the Corporation and the Trader. 

(c) The quantity of Trade Refuse to which any charge shall apply shall, 
subject to Clause 7, be agreed between the Corporation and the TraH^t. 

7. If any dispute or difference shall at any time or times hereafter arise 
between the Corporation and any Trader as to the construction or operation 
of these Regulations, or in case the parties shall not agree upon any matter 
which is the subject of Agreement hereunder, either party may refer the 
same to arbitration in accoraance with Section 13 of the above-mentioned Act. 

8. In these Regulatious, words and expressions to which meanings are 
assigned in the Public Health Acts, and Rivers Pollution Prevention Act, 
1876, and the above-named Act, have the same respective meanings unless 
there be something in the subject or context repugnant to such constructions. 

SCHEDULE. 
Table of Charges for Removal and Disposal of Trade Refuse. 

(Regulation 6). 

^- Trade. um^Xn. 

£ 8, d. 

1. Wool combing 1 

Wool washing I lo O 

Yarn scouring [ 

Silk washing J 

2. Curriers : 800 



3. Dripping makers 
Waste bleaching 
Tripe dressing . 
Chemical works . 



5 



4. Dyeing .... 
Textile printing 
Brewing .... 
Bottle washing . 
Mineral water works . 
Soap making 
Qas working 
Stone sawing 

Card clothing manufacturing 
Grain washing . 
Wire works 



3 



20 
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The Heckmondwike regulations are identical, and in those of Hudders- 
field, where most of the manufacturers were discharging their refuse into 
the sewers before the Act was obtained, a uniform charge of one penny per 
thousand gallons is made. The HuddersBeld regulations may be sum- 
marised as follows : — 

No. 1 interprets the various terms used. 

No. 2 excludes clean waters from the sewers, permitting the trader to discharge 
them into any existing surface-water sewer. 

No. 3 forbids the trader to discharge trade refuse into a surface-water sewer. 

No. 4 prescribes tanks and screens ; the tanks to he in duplicate and each to 
be sufficient to contain the maximum flow for six consecutive working hours. 

No. 6 excludes all solid matter from the trade refuse and prescribes the use 
of chemical precipitation where necessary. 

No. 6 provides for the removal of srease by chemical treatment. 

No. 7 provides for the cleansing of the settling tanks. 

No. 8 stipulates that the flow is to be continuous and regular per minute 
throughout each working day. 

No. 9 requires notice from the trader, from time to time, of the voliune of 
trade refuse. 

No. ^0 provides for a manhole or inspection chamber on the drain, with a 
lock and key under the control of the (Corporation. 

No. 11 authorises inspection of any apparatus provided. 

No. 12 stipulates that plans of proposed works shall be submitted to the 
Corporation. 

No. 13 requires the trader to pay for the work of connecting to the sewer. 

No. 14 entitles the trader, when he cannot comply with the foregoing regula- 
tions at a reasonable cost, to discharge his crude refuse into the sewers under 
payment. 

No. 15 provides that the trader who discharges crude trade refuse to the 
sewers under an agreement with the Corporation, shall pay one penny for every 
thousand gallons discharged. 

No. 16 provides for the settlement of any differences arising, by a committee 
consisting of four members appointed by the Corporation, and four by the traders, 
with the mayor of the borough added when the voting is equal. 

The effect of the preliminary treatment of trade refuse when it is 
properly enforced is very marked. For example, one tanner in Leeds, 
who discharges into the town sewer about 30,000 gallons of refuse 
daily, keeps back in his settling tanks some 12 tons of sludge per month. 
In the case of a dyer in Leeds, with a daily discharge of 40,000 to 50,000 
gallons, the wet sludge removed by his settling tanks amounts to some 
20 tons a week, and in another case in Pudsey, where the refuse is 60,000 
gallons daily, the wet sludge removed from the tanks was formerly 1 ton 
per day, but this has been greatly reduced, the manufacturer finding it to 
his advantage to use dyes which produce less sludge. In these cases the 
preliminary treatment of the refuse is chiefly useful in removing suspended 
matter, although the mixing of the refuse in the settling tanks tends to 
precipitate some of the matters in solution. The preliminary treatment 
of wool-washing, piece-scouring, and silk-boiling suds has a still more 
important effect. Where the suds are properly treated, the effluent 
discharged to the sewer, though usually acid from the vitriol used as a 
precipitant, is freed from grease and suspended solids, and creates little if 
any difficulty in the treatment of sewage with which it is mixed. Fortun- 
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atelj the preliminary treatment of these liquids is remunerative from the 
amount of grease recoverable in most cases. 

Table LXXV. 
AVERAGE CRUDE SEWAGES. 

{Samples taken every half-hour for twenty-four hours and riiixed in 

proportion to the flow. ) 

(Besults expressed in parts per 100,000,) 



No. 


1. 


2. 


8. 


4. 


6. 


6. 


7. 


Totol solids 


83-4 


83-0 


162-8 


238-2 


116-9 


285-9 


88 


Solids in suspension (dried 
















at 100' C.): 
















Total .... 


6-8 


32-0 


70-6 


84-6 


35-2 


91-4 


32-3 


Ash .... 


2 6 


6-9 


17-9 


28-4 


10-9 


15-7 


6-1 


Solids in solution (dried at 
















100* C): 
















Total .... 


28-6 


61 


91-7 


153-6 


81-6 


194-5 


55-7 


Ash .... 


22-6 


41-7 


61-5 


122 


65-7 


163-8 


44-4 


Chlorides (as NaCl) . 


6-60 


14*23 


19-00 


18-46 


23-40 


28-10 


18-38 


Nitrogen : 
















Nitric .... 


0-02 


nil 


3-01 


nU 


0-04 


nil 


04 


Ammoniacal . 


1-23 


4 89 


6-70 


2-91 


1-54 


4-94 


4-67 


Albuminoid (Wanklyn) . 


0-21 


1-15 


1-30 


1-82 


0-71 


1-78 


1-40 


Organic (Kjeldahl) 


• * • 


2-34 


3-39 


3-17 


1-66 


• • • 


• ■ • 


Oxygen absorbed from — 

WW 
















permanganate at 
















26 TC. : 
















In fifteen minutes 


0-46 


2-70 


6-24 


9-40 


4-49 


16-34 


2-73 


In four hours 


1-02 


6-67 


11-40 


16-30 


7-80 


24-36 


5-46 


Total fatty matter . 


109 


18-13 


39-60 


46-30 


15-20 


46-80 


9-77 


In solution only : 
















Nitrogen : 
















Albuminoid (Wanklyn) 


005 


34 


0-45 


0-73 


0-22 


0-62 


0-43 


Organic (Kjeldahl) 


• ■ • 


0-63 


0-90 


• • • 


4-30 


■ • ■ 


... 


Oxygen absorbed from ^ 

80 
















permanganate at 
















26 TC. : 
















In fifteen minutes 


0-19 


1-32 


2-10 


4-66 


2 -43 


7-25 


1*28 


In four hours . 


0-85 


2-84 


4-62 


8-02 


3-78 


10-15 


2-36 


Hardness (in terms of 
















CaCOj) : 
















Total .... 


128 


18-6 


32-6 


341 


15-8 


51-1 


■ • ■ 


Permanent . 


10-97 


11-4 


11-3 


22 4 


12-1 


39-0 


• • • 


Temjwrary . 


1-83 


7-2 


21-3 


11-7 


8-2 


121 


• • • 


Flow in gallons per head 
















in twenty-four hours 

1 


125 


46 


16 


46 


96 


19 


99 



Preliminary treatment of the trade refuse may not always be necessary 
or even to the advantage of the Sanitary Authority. For example, new 
developments in the treatment of sewage sludge may entirely change 
present views with regard to the reception of greasy liquids into the 
sewers. At Bradford, Oldham, and Huddersfield Sewage Works, new 
processes of sludge treatment are being adopted by which the Corporations 
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expect to recover the grease from the sludge and to sell it at a price which 
will make the process profitable. Again, if such a liquid as waste pickle 
from wiredrawing is let off suddenly in large quantities into the sewers it 
may wholly disorganise for the time the operation of sewage purification, 
acting as an antiseptic and checking bacterial action because of its strong 
acid reaction. If, on the contrary, it is gradually mixed with the domestic 
sewage it may help in the precipitation of solids, and thus materially assist 
in the work of purification. 

With the view of testing the effect of regulations such as the foregoing, 
a series of average samples of sewages from various towns has been taken, 
and the analyses are given in Table LXXV. The samples were in each case 
taken from the main outfall sewer during twenty-four hours, after a period 
of at least three days on which there had been no rain. Care was taken 
to avoid any day on which the sewage was likely to be specially strong or 
specially weak, such, for instance, as a washing day or a Sunday. The 
average composition of the sewages is calculated from the analyses of the 
samples taken at the different times of day and from the proportional flow 
of sewage at these times. The samples were taken a few years ago, so that 
the figures of population, flow, etc., may not coincide with those of the 
present day, although the conclusions drawn are not affected. 

The sewage works chosen were : — 

1. Jlidey, where the main sewage farm receives the sewage from 1459 
houses. The estimated water supply per head of population is 30 gallons, 
and the only trade refuse is that of one very small brewery. There 
are some 1300 water-closets in the area drained and 170 waste water- 
closets. It is evident from the total flow of sewage, and especially from 
the flow in the early hours of the morning, that very large quantities of 
subsoil water obtain admission to the sewera. 

2. Harrogate Northern. — These sewage works receive the sewage of 
3800 houses, with an estimated water supply of 30 gallons per head of 
population. All the houses are provided with water-closets, and there is 
practically no trade refuse in the sewage. 

3. HeTTisvyorth, — The number of houses draining to the sewage works 
is 810, and there is no trade refuse mixed with the sewage. There are 
only 32 water-closets connected to the sewers, 5 of these being trough 
water-closets at schools. The water consumption is estimated at 10 
gallons per head per day. 

4. Bradfordy Frizinghall. — The number of houses drained to the 
Frizinghall Sewage Works is approximately 53,000, with some 18,000 
water-closets. The estimated water supply is 20 gallons per head for 
domestic purposes, and 20 gallons per head for manufacturing use. There 
are 122 mills discharging trade refuse to the sewers, at a large proportion of 
which wool washing is done, the suds being in most cases partially treated 
for extraction of the grease before reaching the sewers. There are also 
large quantities of dye water discharged into the sewers without treatment. 
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5. Hvddersfield, Deighton. — The Deighton Works receive the sewage of 
some 16,000 houses and the untreated trade refuse from 60 mills, three- 
quarters of which are woollen mills. The domestic water supply is 
estimated at 17 gallons per head, and the trade supply at 10 gallons per 
head, and there are over 4000 water-closets connected to the sewers. 
Apparently large volumes of subsoil or surface water obtain admission to 
the sewers. 

6. Pudsey, Hough Side, — The sewage of Pudsey draining to Houghside 
Sewage Works includes that from some 2400 houses, and the trade refuse, 
after preliminary treatment, of ten premises, eight being woollen mills, 
one a tannery, and one a gasworks from which spent gas liquor is dis- 
charged. The daily amount of trade refuse is nearly 100,000 gallons; 
the domestic sewage is chiefly from houses with privy middens, and 
amounts to 128,400 gallons. 

7. Keighley. — In Keighley, 8230 houses are drained to the sewage 
works, and the domestic water supply is 25 gallons per head, giving about 
1,000,000 gallons of domestic sewage per day. There are 1500 water- 
closets, and the contents of 3600 closet-tubs were, at the time the samples 
were taken, discharged into the sewers between 8 and 9 a.m. Twenty- 
three mills are drained into the sewers, one discharging dyewater, four 
wool-washing suds, three yam-scouring suds, three both wool-washing and 
yam-scouring suds, four tannery refuse, three laundry water, two brewery 
refuse, one refuse from grease-extracting works, one spent gas liquor after 
extraction of ammonia, and one waste from oil works. The refuse is in 
nearly all cases partially purified before being admitted to the sewers. 
Judging from the flow of sewage, there is probably a large quantity of 
subsoil or spring water admitted to the sewers. 

It is abundantly evident from the various analyses given that trade 
refuse of many kinds is much more difficult and therefore much more 
costly to purify than ordinary domestic sewage. If any further evidence 
of this be required, reference may be made to the experience of Bradford 
with woolcombers' refuse, of Burton-on-Trent and Shepton Mallett with 
brewery refuse, of Manchester (see Annual Reports of the Rivers Depart- 
ment, 1901, p. 14; 1911, p. 35) and Oldbury (see Joum. Soc. Chem, Ind., 
1907, vol. 26, p. 231) with chemical refuse, of Sevenoaks with tannery 
refuse (see Attorney-General and Sevenoaks Rural District Council v. Whit- 
more, "The Times," 25th July 1900), of Southall Norwood with the refuse 
from a margarine factory (see Southall Norwood Urban District Cou/ncil v. 
Middlesex County Council, 83 L.T. (N.S.) 742), of Norwich with starch 
refuse, and of Wolverhampton with waste pickle ; and several other 
instances are given by the Royal Commission on Sewage Disposal, 1898, in 
their Fifth Report, p. 192, where they say that all the trade effluents of 
which they have had experience interfere with or retard processes of 
purification to some extent. 

In cases where there is a large proportion of trade refuse mixed with 
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the sewage of a town, there is, moreover, a great increase in the amount of 
sludge produced at the sewage works, and the disposal of sludge is now 
perhaps the chief difficulty in the treatment of sewage. For example, in 
twelve towns where domestic sewage only is treated, and where precipitants 
are used, the average quantity of sludge produced annually, containing 
70 per cent, moisture, is one ton for every twelve persons^ whereas in 
other twelve towns where there is a large admixture of trade refuse in the 
sewage, and where also precipitants are used, one ton of similar sludge is 
produced annually for every six persons. 

The Sanitary Authorities, therefore, who admit trade refuse to their 
sewers are quite justified in requiring the manufacturers to purify their 
refuse partially before discharging it into the sewers, or in calling upon 
them to pay something towards the increased cost of disposal of the 
sewage, and the manufacturer who can thus get rid of his trade refuse is 
in a much better position than one who is obliged to purify it effectively 
so as to be able to discharge it into a stream. 

« 

Even when the trade refuse is only taken into the sewers after pre- 
liminary treatment, the Sanitary Authorities must expect some increased 
difficulty in dealing with the sewage besides that entailed by the greater 
volume, and should therefore be able to charge to the manufacturers some 
of the greater cost involved. This, however, is not the view of the Royal 
Commission (see Third Report, par. 29, p. 20), who have no doubt been 
guided to the opposite conclusion by the fact that a large proportion of 
manufacturers are already in possession of the right to discharge their 
refuse into sewers without payment. 

Where preliminary treatment is insisted upon, the Sanitary Authority 
must be prepared to see that the manufacturer constructs efficient works 
and manages them with sufficient care. This is found to be far from 
easy, and it is probably the better course to follow the example of Halifax, 
Heckmondwike, and Huddersfield, where, as has been stated, the Sanitary 
Authorities prefer to receive the crude refuse into the sewers and to accept 
payment from the manufacturers towards the extra cost entailed, rather 
than to insist upon preliminary treatment. In these cases, owing to the 
fact that the arrangements arrived at were compromises between the 
Authorities and the manufacturers, many of whom had for long periods 
discharged their refuse into the sewers without restriction, the payments 
made do not nearly cover the total cost of purification of the refuse. In 
other cases, as in Bradford and Brighouse, charges are made by the 
Authorities sufficient to cover this whole cost, particularly where a 
manufacturer seeks to make a new connection to the sewers. 

Finally, it must be borne in mind that where a manufacturer discharges 
his refuse into a sewer, the contents of which are not effectively purified by 
the Sanitary Authority, he may still be held responsible for any pollution of 
a stream resulting from the discharge of his refuse into it (see West Riding 
of Yorkshire Rivers Board v. Butterworth ds Roberts^ 1909, A.C. 45). 
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CHAPTER XIII. 

METHODS OF ANALYSIS AND LIMITS OF 

IMPURITY. 

Methods of analysis— Ordinary tests — Special tests — Limits of impurity or standards — 
Recommendations of Royal Commissions— Growths in streams as signs of pollution — 
Bibliog^raphy. 

In the foregoing pages reference has frequently been made to the results 
of analysis, and in the present chapter it is proposed to indicate briefly 
how these are obtained, inasmuch as they depend to a considerable extent 
upon the methods employed. 

For a long time chemists have advocated the adoption of standard 
methods of analysis, and it is understood that the Royal Commission on 
Sewage Disposal is now considering the question with regard to water and 
sewage effluents. It will be well if some generally acceptable scheme is 
thus evolved, for in the analysis of such liquids the adoption of standard 
methods seems specially advisable. Meanwhile the best that can be done 
is to record results and to state how they were obtained, as they are thus 
rendered more useful to other chemists. 

With regard to the analysis of waste liquids arising from manufacturing 
processes, the methods are in the main the same as those employed for 
water and sewage, but it must be borne in mind that special problems are 
continually presenting themselves, and these must be solved by the 
adoption of special methods. Still, it is possible to speak of a routine 
analysis which includes, besides a note of the physical characteristics, some 
or all of the following determinations : — 

Total solids. 

Solids in suspension (dried at 100" C.) 

„ „ Ash. 

Solids in solution (dried at 100' C). 

,, „ Ash. 

Chlorides (in terms of sodium chloride). 

Ammoniacal nitrogen, from free and saline ammonia. 

Albuminoid „ (Wanklyn). 

Organic „ (Kjeldahl). 
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Nitrous nitrogen, from nitrites. 
Nitric „ from nitrates. 

Oxygen absorbed in 4 hours at 26*7** C. 
Alkalinity in terms of NaHO. 
Acidity „ HjSO^. 

Hardness (in terms of CaCOj) — Total. 

Permanent. 

Temporary. 
Oxygen in solution (c.c. per litre at 0' C. and 760 mm.). 

The results, following the procedure of the 1868 Rivers Pollution 
Commission and the recommendation of a Committee of the British 
Association appointed in 1898, should be expressed in parts per 100,000, 
and this is found very useful in comparing the analyses with those of 
Continental and American chemists, who generally express their results 
in milligrammes per litre or parts per million. The results are not really 
parts per 100,000 by weight but centigrammes per litre. As there are, 
however, 100,000 centigrammes of water in a litre, no appreciable erix)r is 
generally involved. Equivalents of parts per 100,000, grains per gallon, 
and milligrammes per litre are given in the following table : — 



1 part per 100,000 
1 grain per gallon 
1 milligramme per litre 



Parts per 
100,000. 



1-00 
1-43 
010 



Grain8_per 

Gallon (Parts 

per 70,000). 



0-70 
1-00 
07 



Milligrammes 

per Litre (Parts 

per Million). 



10-00 

14-29 

100 



The analysis is generally performed on the thoroughly shaken sample 
and not on the filtered or settled liquid, as it is the liquid with the 
accompanying suspended matters which is likely to be discharged into the 
stream. Occasionally it is necessary to know the nature of the liquid 
apart from the suspended matters, and in such cases an additional analysis 
is made after the suspended matters have been removed by filtration. 

If the sample contains fibres or lumps of solid matter which would 
prevent an average portion being taken, and which cannot be broken up 
by a thorough shaking, these are removed and separately weighed. For 
this purpose a sieve of brass wire gauze (constructed with wire of 0-0076 
inch in diameter, No. 36 S.W.G.), in which there are 1600 apertures to the 
square inch, is used, and a note is made of the amount and nature of the 
solids thus removed. The analysis is then made on the liquid which has 
passed through the sieve. 

Physical Characteiistics. — Under the heading of Physical Character- 
istics the appearance of the liquid as to colour, turbidity, etc., is described 
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the apparent amount and character of the sediment, the odour, and the 
reaction to litmus paper. 

The turbidity is sometimes measured according to a method described 
by Reid {Proc. Roy, Soc.^ 1907, B, vol. 79, p. 63), in which the depth of 
liquid is measured which is necessary to obscure black cross lines, engraved 
on a white porcelain disc, at the bottom of a two-foot glass tube. 

Observations made as to the sensitiveness of the litmus test show that 
the changes in colour depend upon the length of exposure of the papers 
as well as upon the amount of acidity or alkalinity of the liquid. Papers 
supplied by different makers also vary in sensitiveness, the bibulous paper 
supplied in tins by the Helfenberg Chemical Works Co., Ltd., Dresden, 
Germany, having been found very sensitive. 

Solutions of sulphuric acid containing 1, 2, 5, 7, 10, 15, and 20 parts 
per 100,000 were prepared and tested with blue litmus paper. The first 
two solutions did not change the colour of the paper for about two minutes 
and would be considered as only slightly acid, the others reacted almost 
immediately. Similar solutions of acetic acid were also prepared and 
tested. The first two only caused a slight reddening of the paper 
after four minutes, and would be considered very slightly acid ; up to 7 
parts the acidity was only slightly marked, about equal to 2 parts of 
-sulphuric acid, whilst above this the acidity was decided. Acidity pro- 
duced by one part of sulphuric acid or 2 parts of acetic acid per 100,000 
was readily noticeable by the taste. 

Solutions of caustic soda, containing 1, 2, 3, 5, 7, and 10 parts per 
100,000, were also prepared and tested with red litmus paper. With less 
than 2 parts per 100,000 the alkalinity was not shown by litmus paper ; 
with 2 to 5 parts the reaction was slight, and with more than 5 it was 
distinct. The first three solutions tasted like distilled water, the fourth 
and fifth were slightly alkaline, and the taste was distinct with the solution 
containing 10 parts. It will be noticed that the tongue is not so sensitive 
to alkalinity as litmus paper, although it is more sensitive to acidity, pro- 
bably because the secretions of the mouth are usually alkaline. 

Total Solids. — This figure is the sum of the solids in suspension and 
the solids in solution. Only rarely is it the result of a direct determina- 
tion, which is carried out in the same manner as the estimation of solids in 
solution. 

Solids in Suspension. — In determining these the sample is thoroughly 
shaken and 50 to 1000 c.c. (according to the amount of sediment) are 
passed through a filter paper, which has been previously dried in a steam 
oven at 100' C. until its weight remains constant. In filtering the sample 
the first runnings are generally passed through the filter paper a second 
time to get rid of any suspended matter which has escaped. The filter 
paper with the solids is next washed with distilled water and then dried 
in the steam oven until constant in weight. The increase in weight gives 
the amount of solids in suspension in the amount of sample taken. 
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In determining the ash of the suspended solids the filter paper and 
solids are transferred to a weighed platinum capsule and ignited in a 
muffle furnace. The addition of a few drops of ammonium nitrate solution 
considerably helps the ignition of the filter paper, the ash of which must 
be allowed for. 

Sometimes the liquid is so thick and turbid that it takes days to filter 
a sufficient quantity to permit of the solids in suspension being determined 
as above. In such cases direct determinations of the total solids and solids 
in solution are made, the difference between these figures being returned 
as solids in suspension. This method is also preferable in some cases where 
the solids in suspension would be washed away by distilled water. In 
using such a method it sometimes happens that the ash of the solids in 
solution is larger in amount than the ash of the total solids, especially in 
cases where there is a large amount of easily combustible matter in the 
suspended solids, but the use of a muffle furnace for "burning off" to some 
extent meets this difficulty. 

Solids in Solntion. — In estimating the solids in solution, or the total 
solids when these are estimated directly, a suitable volume (generally 
100 c.c.) of the filtrate from the foregoing process, or of the well-shaken 
liquid, is evaporated in a previously weighed platinum dish, -first to a 
small bulk over a Bunsen fitted with a Rose burner, and then to dryness 
on a water bath. The dish is then dried in the steam oven until its 
weight ceases to diminish. The method by which the filtrate is obtained 
influences the result of this determination. The filter papers generally 
used are MunktelFs No. 1 F, but even clearer filtrates are obtainable by 
the use of a small Berkefeld filter of infusorial earth, aided by a filter 
pump, which much hastens the process. The ash of the solids in solution 
is determined by heating the platinum dish and contents to a dull red 
heat in a muffle furnace and subsequently weighing. 

The platinum dishes are alloyed with 10 per cent, of iridium. Their 
loss in weight, due to the ignition of corrosive liquids and the cleansing by 
means of finely powdered bath brick (which has been levigated in a stream 
of water), has been measured from year to year. Fifteen dishes in 
constant use gave an average loss per annum of O'l per cent., the largest 
individual loss being 0*2 per cent., and the smallest 0*02 per cent. 

Ohlorides (in terms of Sodium Ohloride). — Chlorides are estimated by 
titration with a solution of silver nitrate, using potassium chromate as 
indicator. The method is directly applicable to neutral or slightly 
alkaline liquids, but not to those which are acid or strongly alkaline. A 
convenient method of neutralising acid liquids is by means of calcium 
carbonate, as any excess is easily filtered off. Strongly alkaline liquids 
are neutralised with nitric acid before titration. In the case of liquids 
having a strong colour, or much turbidity, or containing sulphides, the 
sample is evaporated to dryness with the addition of a little lime or 
sodium carbonate, and ignited gently (a strong ignition volatilises a 
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portion of the chlorides). The residue is then taken up with water, 
filtered, and the chlorides titrated with silver nitrate. The strength of 
the silver nitrate solution (14'825 grammes per litre) is such that if 50 c.c. 
of the effluent are titrated the number of c.c. required multiplied by 10 
gives the amount of sodium chloride in parts per 100,000. 

Ammoniacal Nitrogen (from free and saline Ammonia). — A suitable 
quantity of the sample is distilled from a retort or distilling flask contain- 
ing about 400 C.C. of distilled water, which has previously been made 
slightly alkaline and boiled free from ammonia, and the distillate is 
Nesslerised. The volume of liquid taken varies very considerably accord- 
ing to its nature — 50 c.c. being generally a suitable quantity — and the 
quantity taken influences the amount of distilled water used, as sufficient 
must be used to allow of a large volume of distillate being collected at 
this stage, and also in the subsequent process for the determination of 
albuminoid nitrogen. 

The distillate is collected in Nessler tubes iu portions of 100 or 50 c.c, 
and the distillation is continued until the final portion gives no coloration 
on addition of Nessler's reagent (about 2 c.c. to every 100 c.c. of liquid). 
The amount of ammonia is then estimated by matching the colour pro- 
duced in the separate portions with that produced by adding Nessler's 
reagent to a solution containing a known amount of ammonium chloride. 
This solution contains 0*00001 gramme of nitrogen per c.c. This method 
of estimating ammonia is so delicate that by its aid, using 1000 c.c. of 
a water, one part can be detected and estimated in a hundred million parts 
of the water. 

In very clear water the estimation may be made by the direct addition 
of the Nessler reagent, but even then there is risk of interference by the 
salts present in solution. Sometimes the distillate is not clear because of 
substances which have been carried over with the steam, and in such 
cases the liquid must be filtered through a filter paper which has previously 
been washed with ammonia-free water, before the addition of the Nessler 
reagent. These particulate substances, especially fatty matters, distilled 
over with the steam contain nitrogen in the albuminoid form, but not 
as free and saline ammonia. 

The colour produced by ammonia or salts of ammonia with Nessler's 
reagent is not produced by ethylamine, aniline, or napthylamine, as might 
be expected from the similarity in constitution between these bodies and 
ammonia. 

The choice between retorts and distilling flasks is largely a personal 
matter, the same results being obtainable with both, and neither is more 
economical in point of time or of breakages. A distilling flask does 
possess an advantage in the case of liquids which froth considerably or 
bump violently, but bumping may be effectually prevented by placing 
two or three small pieces of crumpled platinum foil at the bottom of the 
retort. 
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Preparation of Neider's Reagent, — Dissolve 70 grammes potassium 
iodide in 200 c.c. of distilled water and 32 grammes mercuric chloride in 
600 C.C. of distilled water. Add the second solution gradually to the first 
until a slight permanent red precipitate is formed and then dilute to 2 
litres with a 20 per cent, solution of stick caustic soda which has been 
boiled to free it from ammonia. Now add more of the mercuric chloride 
solution in small quantities at a time until a permanent yellow precipitate 
is just formed. Allow this precipitate to settle and decant the clear super- 
natant liquid, which is then ready for use. 

Albmninoid Nitrogen. — The process used in this determination was 
devised by Wanklyn in 1867 {Journal of the Chemical Society^ 1867, vol. 
20, p. 445). It aims at estimating the organic matter ih a liquid such as 
a sewage effluent, and depends upon the fact that complex nitrogenous 
organic bodies in such liquids are partially decomposed, with liberation of 
ammonia, by boiling them in an alkaline solution of permanganate of 
potash. This test is not an exact measure of the amount of organic 
matter present, but rather an estimation of that part of it which is liable 
to undergo putrefactive decomposition. 

To the liquid remaining in the retort after the free and saline ammonia 
has been distilled off, or to the liquid diluted with ammonia-free water, if 
only a small volume remains, 25 c.c. (or more in the case of very bad 
liquids) of an alkaline solution of permanganate of potash (containing 
8 grammes KMnO^, and 150 grammes NaOH per litre) are added and the 
distillation continued as in the previous estimation until no ammonia is 
present in the last portion of distillate. The ammonia in the distillate 
is estimated with Nessler's reagent. As in the distillation of free and 
saline ammonia, substances are sometimes carried over in the steam and 
must be filtered off before Nesslerising the distillate. These substances 
contain nitrogen which can be converted into ammonia by prolonged 
boiling with alkaline permanganate of potash, but this is not included in 
the results. 

In dealing with some polluted liquids containing much organic matter, 
ammonia continues to come off as long as boiling is continued, and this is 
another reason for regarding the test as a comparative one rather than an 
accurate determination. 

Organic Nitrogen. — Kjeldahl discovered that boiling concentrated 
sulphuric acid converts the nitrogen of nitrogenous organic bodies, with 
very few exceptions, into sulphate of ammonia. By rendering the solution 
thus obtained alkaline with a solution of caustic soda, and distilling off and 
estimating the ammonia either with Nessler's reagent or by means of acid 
of standard strength, we have a method of determining the nitrogen in 
sewages and trade refuse. 

A suitable quantity (about 50 c.c. of an ordinary effluent) of the 
liquid is heated with 10 c.c. of concentrated sulphuric acid (yielding not 

■ 

more than about 0*00001 gramme nitrogen per c.c. when distilled with 
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caustic soda). In the case of very bad effluents, frothing first takes place, 
and then about 0*5 gramme anhydrous copper sulphate may be added. 
The complete destruction of the organic matter is indicated by the liquid 
becoming clear, a condition which may sometimes bo hastened by the 
addition of a few grammes of potassium sulphate to enable a higher 
temperature to be obtained. In most cases, however, neither the copper 
sulphate nor the potassium sulphate are necessary, and the liquid becomes 
clear in about an hour after boiling has commenced. Very good waters 
do not blacken during this process, and it is then advisable to add a small 
quantity of pure cane sugar as an indicator to ensure blackening and 
subsequent clarification. When this part of the process is complete the 
remaining liquid is allowed to cool and is diluted with ammonia-free water. 
A sufficient amount of ammonia-free solution of caustic soda to render 
the liquid alkaline is added, and the mixture distilled. The ammonia in 
the distillate is estimated either by Nesslerising or by catching the 
distillate in acid of standard strength, and from this estimation the 
amount of nitrogen is calculated. The amoimt of nitrogen estimated by 
Kjeldahrs process, less that from free and saline ammonia, is termed 
organic nitrogen. 

In the above distillation, especially if the ammonia is caught in acid, 
it is necessary to use a flask fitted with a trapped bulb, in order to prevent 
caustic liquid being carried over with the distillate. 

When nitrites or nitrates are present they are partly converted to 
sulphate of ammonia, thus interfering with the result, but if an attempt 
is made to correct this error, by first reducing these bodies and estimating 
their nitrogen along with the nitrogen from free and saline ammonia, it 
is found that some of the nitrogenous organic bodies are simultaneously 
decomposed with formation of ammonia. 

The ratio of the organic nitrogen to the albuminoid nitrogen affords 
a rough guide to the quality of a liquid. The former is invariably 
higher than the latter, and Dr M^Gowan (Royal Commission on Sewage 
Disposal, 1898, Fourth Report, supplementary vol. 4, part 5, p. 24) 
proposes to call the difference between the Kjeldahl nitrogen and the sum 
of the ammoniacal, albuminoid, nitrous and nitric nitrogens, the **X" 
nitrogen. This "X" nitrogen is more stable than the albuminoid 
nitrogen, and as purification proceeds the albuminoid nitrogen is more 
rapidly attacked than the "X" nitrogen, the proportion of which con- 
sequently becomes larger. As to the actual amount of "X" nitrogen 
occurring in liquids no general statement can be made, but it has been 
observed that the ratio of the organic nitrogen to the albuminoid nitrogen 
is fairly constant for liquids of the same class. For good river waters, for 
example, this ratio is about 6*0, sinking to about 3*0 in more polluted 
waters. In sewage effluents the ratio is about 4*0 or 3*0, and in crude 
sewages about 3-0, whilst in grossly polluting trade liquids it sinks as low 
as 2*0 or even lower. 
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Nitrons Nitrogen. — The method adopted for this determination 
depends upon the amount present. The sulphanilic acid method is very 
delicate and is used to estimate very small quantities. The metapheny- 
lenediamine method is used when the quantity to be estimated exceeds 
about 0*005 parts nitrogen per 100,000. Both methods are colorimetric. 

Sulphanilic Acid Method. — 2 c.c. of the reagent known as Griess- 
Ilosvay solution, prepared by mixing a solution containing 1 gramme 
sulphanilic acid, 14*7 grammes glacial acetic acid, and 285 c.c. water with 
an equal volume of a solution containing 0*2 gramme a-naphthylamine, 
14*7 grammes glacial acetic acid, and 325 c.c. water (see Fowler, Seimge 
Works Analyses, 1902, p. 64), are added to 10 or 50 c.c. of the effluent in 
a Nessler glass, when a pink colour is produced if nitrites are present. 
The pink colour is matched with that produced by known amounts of 
potassium nitrite present in a standard solution (containing either 0*00001 
or 0*000002 grammes nitrogen per c.c. as nitrite) treated in exactly the 
same matiner. 

This reaction is so very delicate that effluents containing large amounts 
of nitrous nitrogen produce such a deep pink tint that it is difficult to 
match correctly, and in such cases the less delicate metaphehylenediamine 
method is preferable. 

Metaphenylenediamine Method,— k. solution containing 8 grammes of 
the hydrochloride of the diamine in a litre, ,and another containing 1 
part of sulphuric acid to 3 of distilled water are prepared, and 1 c.c. 
of each of these solutions is added to 10 or 50 c.c. of the sample in a 
Nessler glass. In the presence of nitrites a yellowish-brown colour 
(similar to that produced by Nessler 's reagent in the presence of ammonia) 
is produced, and this is matched with that produced by known quantities 
of the standard potassium nitrite solution as in the previous method. 

When nitrites are present in an effluent they absorb oxygen in the 
potassium permanganate test, with the result that the effluent appears 
worse than is really the case. In order to measure the extent of the 
error introduced by neglecting the nitrites, a series of sixty-five sewage 
effluents was tested, and it was found that the error is so small that it 
does not cause any alteration in the classification of the effluent as good 
or bad. 

Nitric Nitrogen. — One chief aim in the purification of waste waters is 
the oxidation of the nitrogen of the organic matter into the form of 
nitrates. The estimation of these, which are expressed as nitric nitrogen, 
is therefore of great importance. 

The method adopted is the Sprengel or phenolsulphonic acid process 
(Grand val and Lajoux, Comptes rendus, 6th July 1885), misnamed the 
picric acid process. Of the effluent 25 c.c. are evaporated to dryness in 
a porcelain basin on the water bath, 2 c.c. of a mixture of equal parts of 
phenolsulphonic acid and water are added, and the heating on the water 
bath continued for a few minutes. An excess of ammonia is now added 
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(caustic potash produces the same result and is preferable if the operation 
is performed in a room where ammonia determinations are being carried 
out), and in the presence of nitrates a yellow colour is produced. The 
colour is matched, just as in Nesslerising, with that produced by sub- 
mitting 10 c.c. of a standard solution of potassium nitrate (1 c.c. containing 
0*00001 gramme nitrogen as nitrate) to the same process. The yellow 
colour obtained in this test varies somewhat, according to the method 
employed for making the phenolsulphonic acid. It is best prepared by 
adding gradually a solution of 18 grammes crystallised phenol in 9 c.c. 
distilled water to 111 c.c. pure sulphuric acid and allowing the mixture 
to stand in a stoppered bottle for several hours on the water bath. 

The method is a very quick one, but yields results lower than the 
truth in the presence of chlorides (Tatlock and Thomson, Journal of the 
Society of Chemical Industry^ 1904, vol. 23, p. 428). Known solutions of 
sodium chloride and potassium nitrate were submitted to the process, and 
it was found that the results, in presence of such amounts of chlorides as 
usually occur in sewage effluents, may be 10 to 20 per cent, below the 
truth. A simple method of overcoming the difficulty is to remove the 
chlorides with silver oxide before performing the nitrate test. The 
addition of strong hydrochloric acid to the phenolsulphonic acid has also 
been suggested (see Johnson, Analyst^ s Laboratory Companion^ p. 81). 

The term " picric acid, process " originated in a belief that the yellow 
colour produced is due to the formation of picric acid (trinitrophenol). If 
this were the case it should be possible to make standard solutions of 
picric acid (containing known amounts of nitrogen), with which the nitrate 
solutions after treatment by this process could be matched. This was 
attempted, but without success (see also Report of the MasscLchuutts State 
Board of Health, 1890, p. 713). 

Attempts were also made to match the colour with mixtures of ortho-, 
meta-, para-, and tri-nitrophenol, but the tints so produced only served to 
indicate that the yellow colour is due to a very complicated mixture, 
probably containing certain proportions of the various dinitrophenols in 
addition to the above compounds. 

Other methods of estimating nitrates have been tested, notably the 
indigo process, the reduction process with the copper-zinc couple, or with 
the aluminium-mercury couple, and the pyrogallol process, but none of 
these possesses the advantages of the phenolsulphonic acid process. 

Sewage effluents which contain a fairly large amount of organic 
matter as well as nitrates undergo changes on standing, the nitrates 
being partially or wholly used up to oxidise the organic matter, and hence 
it is necessary to perform the analyses as soon as possible after the samples 
are taken. 

Oxygen Absorbed. — The oxygen-absorbed test, owing to the ease with 
which it is performed, and the enormous mass of comparable results 
which has been accumulated, has come to be regarded as one of the most 
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important tests for sewage effluents, and although it does not furnish 
information as to the nature of the organic matter whose presence it 
indicates, it is remarkable that the putrescibility of this organic matter 
may be very well foretold from an analysis which includes the estimation 
of nitric nitrogen and oxygen absorbed. 

The oxygen absorbed is determined by measuring the amount of 
potassium permanganate decolorised by a known volume of the effluent. 
The estimation is performed as follows: — Into a 12 oz. well-stoppered 
bottle are placed 150 c.c. of distilled water and 10 c.c. of dilute sulphuric 
acid (prepared by mixing one volume of concentrated sulphuric acid with 
three volumes of distilled water and tingeing the mixture with potassium 
permanganate in order to destroy organic matter). The bottle is then 
placed in a vessel of water which is kept at a temperature of 26 '7° C. 

A suitable quantity of the liquid under examination (50 c.c. are 

usually taken) is placed in the bottle and successive quantities of 10 c.c. 

N 
of ^ potassium permanganate solution are added, so that the excess of 

permanganate, judging from the colour, is never less than about 5 c.c. The 

bottle is kept in the vessel of water for four hours, being occasionally 

gently shaken, and more permanganate solution is added as required. 

At the end of the four hours 1 c.c. of a 10 per cent, solution of 

potassium iodide is added and the liberated iodine is titrated with a 

N 
solution of sodium hyposulphite of strength approximately — -, starch 

oO 

solution being used as indicator. This gives the amount of the hypo- 
sulphite solution which corresponds to the unexhausted permanganate. 
Blank tests are performed in the same manner and at the same time as 
the former with 10 and with 20 c.c. of the permanganate solution, in 
order to determine the strength of the hyposulphite solution and the 
amount of permanganate decolorised by the 150 c.c. water and 10 c.c. 
acid. The difference between the two titrations of the blank tests 
gives the amount of hyposulphite which is equivalent to 10 c.c. of the 
permanganate solution, and the difference between this figure and the 
amount of hyposulphite required in the blank test with 10 c.c. perman- 
ganate gives the amount of permanganate which has been absorbed by 
the water and acid. By making due allowance for the permanganate 
decolorised by the water and acid and correcting for the ascertained 
strength of the hyposulphite solution, the exact amount of permanganate 
decolorised by the effluent is easily estimated. 

The strengths of the above solutions are so arranged that the number 
of c.c. of permanganate decolorised by 10 c.c. of the liquid gives the 
oxygen absorbed in parts per 100,000. 

Variations in the time during which the action of the permanganate is 
allowed to proceed have been recommended {Analyst, 1881, vol. 6, 
p. 127), but yield little additional information, except in a few cases where 

21 
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substances are present which have an instantaneous reducing action upon 

permanganate, and in such cases the three minutes' test may be valuable. 

It was thought that the result of the four hours' test might be calculated 

from those of the three minutes' and two hours' tests, and within certain 

limits this was found to be possible. In order to try this, analyses of a 

hundred and fifty sewage effluents were made, in which the three minutes', 

two hours', and four hours' tests were included, and if A, B, and C represent 

the results of these tests respectively, it was found that C = B + J (B — A). 

This means that the organic matter in the liquid absorbs oxygen rapidly 

during the first three minutes^ more slowly up to the end of two hours, 

and still more slowly in a further period of two hoitra^ the total amount 

absorbed during the last period amounting very approximately to a third 

of that absorbed during the second period. 

Some authorities do not add the 150 c.c. of water as in the above 

method of estimation. One hundred and sixty sewage effluents were 

examined by both methods, and it was found that higher results were 

invariably obtained when the sample was not diluted, but that there was 

no regular relation between the two. It was evident, therefore, that if the 

results of this test are to be strictly comparable the analysis must always 

be carried out in the same way (for a discussion on this subject see Joum, 

Soc, Chem, Ind,y 1898, vol. 17, pp. 11, 425). In the tests carried out by 

the Royal Commission (see Fourth Report, supplementary vol. 4, part 5, 

N 
p. 37) 10 per cent, sulphuric acid and — permanganate were used, but 

o 
this variation from ordinary custom has not met with general approval 
and scarcely seems warranted. Some two hundred sewage effluents have 
been tested by the Royal Commission method and by the ordinary method, 
and it has been found, as was to be expected, that the former invariably 
gives higher results. The average ratio between the two results was 2*09, 
but this was by no means constant, varying from 100 to 3 '39. 

In many kinds of trade refuse substances are present which are only 
partially removed by a purification process, and which have the power of 
rapidly absorbing large quantities of oxygen, such, for instance, as the 
sulphur compounds and phenolic bodies in spent gas liquor. In these 
cases the test by itself is of very little value in determining the 
putrescibility of the effluents. 

Alkalinity or Acidity. — Little need be said about these determinations 

except as regards the use of indicators. The solutions of acid and/ alkali 

N N 

used for the titration are — hydrochloric acid and — caustic soda. In 

estimating alkalinity phenol phthalein and methyl orange are both used as 
indicators. In adding acid to an alkaline liquid in the presence of methyl 
orange the yellow colour only turns to red when sufficient acid has been 
added to neutralise all the alkali which is present, whether in the free state 
or combined with carbonic acid. The distinctive pink colour of the phenol- 
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phthalein disappears before this point has been reached, namely, when all 
the free alkali has been neutralised and that present as carbonate half 
converted to chloride and half to bicarbonate. When it is evident that 
the alkali is chiefly present as carbonate the result as given by the methyl 
orange test is set down in terms of NagCOg, CaCOg, or (NH^)2C0j, which- 
ever is likely to be present. When, on the other hand, the alkali is 
chiefly present in the caustic state, the result as given by the phenol- 
phthalein test is set down in terms of NaOU, CaO, or NH3. 

In estimating acidity methyl orange is the indicator generally used, 
but where the acidity is due to weak acids such as acetic or lactic, 
phenolphthalein is more reliable, but it must be borne in mind that the 
latter is affected by carbon dioxide. 

Some liquids are so deeply coloured as to hide the changes in the 
indicators during titration. In such cases the dye present in the liquid 
may itself act as an indicator, or it may be necessary to use litmus paper, 
or to note the change which occurs when a drop of the indicator is placed 
on a white tile and a drop of the titrated liquid added to it. 

Hardness. — The hardness of a water or trade effluent is generally due 
to the presence of calcium or magnesium salts. These produce a pre- 
cipitate from a soap solution and hinder the formation of a lather, and 
upon this fact is founded the method of estimating the hardness of a 
liquid. About 6 grammes oleic acid and 1*5 grammes of potassium 
carbonate are ground together in a mortar with a little warm water, 
the mixture dissolved in about 500 c.c. methylated spirits, and the 
solution diluted with an equal volume of water. A standard hard 
water is made by dissolving 0*2286 grammes of pure calcite or calcium 
carbonate in hydrochloric acid, evaporating to expel the excess of acid, and 
dissolving the residue in one litre of water, making a solution of hardness 
equivalent to 22*86 parts CaCOg per 100,000 (or 16:00 grains per gallon). 
To 50 c.c. of this standard hard water in a well-stoppered 10-oz. bottle the 
above soap solution is added gradually, 1 c.c. or less at a time; the 
mixture after each addition is shaken, and the process continued until the 
lather which forms lasts and covers the whole surface for at least five 
minutes. The strength of the soap solution must be so adjusted that 
16 c.c. are required to produce this result. 

50 c.c. of the water to be tested are taken and the soap solution added 
gradually as above until a lasting lather is formed. From the amount of 
soap solution required the hardness can then be estimated by comparison 
with the standard hard water, and it is convenient to use tables which 
show corresponding amounts of soap solution and hardness expressed in 
terms of calcium carbonate (see Johnson's Analyst* s Laboratory Com- 
panion). If 50 c.c. of the sample being tested require more than 16 c.c. 
of the soap solution, the sample is diluted before the test is made. 

The hardness as determined in this way is called the ** total hardness." 
Part of this hardness may be due to the presence of bicarbonates of 



324 TRADE WASTE WATERS. 

calcium or magnesium, and in order to estimate this a quantity of the 
liquid is boiled, when, by the escape of carbonic acid, the bicarbonates are 
converted into carbonates, which are precipitated and can be filtered off. 
The filtrate is made up to the original volume by the addition of distilled 
water and its hardness tested as before. This gives the "permanent, 
hardness " of the liquid. The difference between the " permanent hard- 
ness" and the "total hardness" is called the "temporary hardness." 

Besides the permanence of the lather formed in this test, the alteration 
in the sound emitted when the liquid is shaken and the feel of the bottle 
when it is shaken indicate the point when sufficient soap solution has been 
added. 

The results given by the above test might properly be called the 
" soap-destroying power " of the liquid, and many chemists advocate the 
employment of Hehner's method of estimating hardness from the alka- 
linity, but since the objection to calcium and magnesium salts is due 
largely to their soap-destroying power, the above method has been 
selected. 

Oxygen in Solntion. — The oxygen in solution is measured by the 
process devised by Winkler (Ber. der deutachen Chem. Ges,^ vol. 21, p. 2843 ; 
vol. 22, p. 1764; Joum, Soc, Chetn. Ind.y 1889, vol. 8, p. 727), and 
modified by Rideal (AncUyst, 1901, vol. 26, p. 141). A stoppered bottle 
containing about 250 c.c. is completely filled with the liquid under 
examination ; to this is added 1 c.c. of a solution formed by mixing equal 
volumes of concentrated sulphuric. acid and water. A standard solution 
of permanganate of potash is then added drop by drop until a permanent 
pinkish tint is obtained. The permanganate ensures the oxidation of 
nitrites, which would otherwise have a disturbing influence. 

The liquid is now decolorised by the addition of a few drops of a 
saturated solution of potassium oxalate, and 1 c.c. of a 33 per cent, 
solution of manganous chloride and 1 c.c. of a solution containing 33 per 
cent, of caustic soda and 10 per cent, of potassium iodide are added. 
This causes the precipitation of white manganous hydrate, which absorbs 
any dissolved oxygen, turning brown from the formation of manganic 
hydrate. The bottle is stoppered, taking care to exclude all bubbles of 
air, and well shaken, and the precipitate allowed to settle, after which 
2 c.c. of concentrated hydrochloric acid are added to dissolve the precipi- 
tate and liberate the iodine from the potassium iodide. The iodine is 

N 
then titrated with — sodium hyposulphite as in the oxygen-absorbed test, 

80 
using starch solution as indicator. Each c.c. of the hyposulphite solution 
corresponds to 0*07 c.c. of dissolved oxygen measured at 0' C. and 
760 mm. pressure. 

In this test great care is necessary in taking the sample to exclude all 
bubbles of air and to avoid shaking the liquid. It is best to take the 
sample in a bucket and then to transfer it to aspirator bottles. These 
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are immersed in the liquid with the top stopper removed, allowed to fill 
gradually by removing the bottom stopper underneath the surface of the 
liquid, and then stoppered before they are lifted out of the bucket. 
Samples of river water may be taken directly in this way. 

If the sample is strongly coloured or contains matter in suspension . 
which interferes with the above determination, an aspirator bottle of some 
800 c.c. capacity is first filled as al)ove, and into this are introduced (a) 
3 c.c. of a saturated solution of aluminium chloride to which sodium 
carbonate has been added until a precipitate is just beginning to form, 
and (b) 3 c.c. of a saturated solution of sodium carbonate. The bottle is 
corked without allowing any air to enter, well shaken up and allowed to 
stand, when the precipitated hydrate of aluminium brings down the 
suspended matter very quickly and leaves a clear and colourless liquid. 
This supernatant liquid is syphoned into a 250 c.c. bottle and the dissolved 
oxygen determined as above. 

If duplicate samples are collected and one examined on the spot and 
the other analysed in the laboratory, the latter invariably gives a lower 
result, some or all of the dissolved oxygen being used up by the organic 
matter. The test is therefore best performed when the sample is taken. 
It yields, however, the same results in both cases when the process is 
carried as far as the formation of the manganous hydrate at the time of 
taking the sample, and the rest of the process is performed in the laboratory. 

It is frequently useful to aerate the sample thoroughly by shaking it 
with air in a stoppered bottle, dividing it into two, and estimating the 
dissolved oxygen immediately in one half and in the other after keeping 
it for twenty-four hours. The effluent may be called unsatisfactory if the 
amount of dissolved oxygen remaining falls below 50 per cent, of that in 
the first half (Dibdin, The Purification of Sewage a/nd Watery 1903, p. 297 ; 
Ramsay, Cfiem. Zeit, 9th May 1906, p. 432). 

It is also useful, in order to imitate what takes place when a liquid 
is discharged into a stream, to mix the liquid with different volumes of 
fully aerated tap water and to note the rate at which the oxygen is used 
up, by ascertaining the amount of dissolved oxygen which remains after 
the mixtures have been kept for different periods. This is the basis of 
the method recommended by the Royal Commission (Fifth Report, p. 221, 
and Eighth Report, p. 2) to be adopted in classifying sewage effluents, and 
in an Appendix to the Eighth Report instructions ' are given for carrying 
out this test. 

Pntrescibility. — The estimation of the putrescibility of an effluent is 
regarded by many as a very important test, but although it is compara- 
tively easy to carry out, it does not yield quantitative results as valuable 
as those yielded by the more difficult estimation of the dissolved oxygen 
in the various ways described. The simplest form of the test is to keep 
the effluent in a stoppered bottle, from which all air is excluded, at a 
temperature of about 26*7'* C, representing the temperature of a warm 
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summer day, and to observe the lapse of time before signs of putrefaction 
occur. These signs are a blackening of the effluent, or of any sediment, 
an odour of sulphuretted hydrogen, or an increase in th§ oxygen absorbed 
in three minutes. 

Sometimes ten days or more elapse before an effluent shows signs of 
putrefaction, and a test of putrescibility taking up less time has been 
recommended by the Prussian Institute for Research in Water Purification 
and Sewage Disposal (Spitta and Weldert, Mitt, aus der Koniglichen 
Priifungmnstalt, 1906, vol. 6, p. 160). To 150 c.c. of the liquid is added 
0'75 c.c. of a 0*05 per cent, solution of methylene blue (B extra, obtainable 
from J. J. Griffin & Sons, Ltd., London), and the sample is kept under 
observation for twenty-four hours to see whether the colour is discharged. 
If the blue tint remains for twenty-four hours the liquid will not putrefy. 

Comparing the results of the test of putrescibility with those of the 
estimation of nitric nitrogen and oxygen absorbed, it may be stated that, 
generally speaking, an effluent will putrefy if the oxygen-absorbed figure 
exceeds 1 part per 100,000 and nitric nitrogen is absent, or if the oxygen- 
absorbed figure exceeds 2 parts per 100,000 even when nitric nitrogen is 
present. 

Ustial Detenninations. — The methods detailed above are those in 
general use in the laboratory, but they are seldom all applied in the 
examination of a single sample. In examining trade effluents the physical 
characteristics, the solids in suspension and solution, the oxygen absorbed, 
the acidity or alkalinity, and the hardness are generally taken as a 
sufficient guide to the character of the liquid. 

Special Determinations. — Besides making the ordinary determinations 
it is often useful to know the amounts of special substances in a liquid, 
such as the fats in the refuse of wool washing or piece scouring, or sulphur 
compounds and tar oils in chemical refuse. 

Fatty Matter.— 50 to 200 c.c. of the liquid are slightly acidified with 
sulphuric acid, allowed to stand in a warm place for a short time to aid 
the separation of the fatty matter, cooled, and then filtered through paper. 
The paper is then dried in the steam oven and extracted with ether in a 
Soxhlet apparatus, which contains an extraction thimble, and to which is 
attached a weighed flask. At the end of the extraction, which usually 
requires two hours, the ether is distilled off, the flask and filter paper are 
dried separately in the steam oven, cooled and weighed, the loss of weight 
of the filter paper or the increase in weight of the flask giving the amount 
of fat present, and the one figure being a check upon the other. 

Sulphur Compounds. — Sulphur compounds may be present in effluents 
from chemical works where ammonia liquor is manipulated, in the form 
of free sulphur, sulphides, polysulphides, sulphites, thiosulphates, sulpho- 
carbonates, sulphocyanides or sulphates. The determination of the 
amount of each of these is a very involved process even in a mixture 
containing only these substances, but becomes more so in the presence 
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of the other compounds occurring in these effluents. The sulphates are 
on the whole the least objectionable, hence the practice is to estimate the 
sulphate. sulphur in one portion of the effluent, and to determine the total 
sulphur in another portion. The difference between the total sulphur and 
the sulphate sulphur gives the amount of " sulphur in other forms." 

The sulphur present as sulphates is estimated by adding hydrochloric 
acid and precipitating with barium chloride, filtering oiF and weighing the 
precipitate of barium sulphate, from which the amount of sulphur can be 
easily calculated. 

The total sulphur is estimated by rendering the liquid alkaline and 
oxidising by boiling with an excess of potassium permanganate, thus con- 
verting all the sulphur compounds into sulphates. The liquid is then 
boiled with concentrated hydrochloric acid until clear, and the sulphates 
precipitated with barium chloride. The liquid should then stand over- 
night to ensure complete precipitation of the barium sulphate, from the 
amount of which the total sulphur is calculated. 

This method of estimating total sulphur possesses an advantage over 
the one recommended for gas liquors in the Alkali Inspector's Annual 
Report for 1899, p. 50, in being an oxidation process in alkaline solution, 
thus preventing a possible loss of sulphuretted hydrogen or sulphurous 
acid which an acid oxidation process involves. It was suggested by a 
paper by Lunge on " Oxidation of the Sulphur Compounds occurring in 
the Manufacture of Caustic Soda" {Journal of the Society of Chemical 
Industry, 1883, vol. 2, p. 460). 

The sulphur in the form of sulphocyanides can readily be estimated 
colorimetrically by adding ferric chloride and sulphuric acid. This pro- 
duces a blood-red tint, which can be matched with that produced in solu- 
tions containing known amounts of sulphocyanide. Great care must be 
taken to work always with the same amounts of the reagents and the 
same volumes both of the standard solution and of the liquid to be 
tested, as the tint produced varies very greatly with the proportion of 
the reagents present. 

Tax Oils. — The tarry matter in the effluents from chemical works is 
principally in the acid form, although basic and neutral tar oils are also 
present. 

The effluent is acidified with sulphuric acid and well shaken with 
ether in a separating funnel, and the separated ethereal layer is distilled 
to remove the ether, the last traces of which are evaporated in the steam 
oven. The weight of the tarry matter thus obtained is that of the acid 
and neutral tar oils, which are usually given together as "acid tar oils." 
The liquid from which these have been extracted is then made alkaline 
and again submitted to the ether extraction process, when the weight of 
tarry matter obtained is that of the " basic tar oils." 

If the operations of ether extraction be performed in the reverse order, 
that is, first on an alkaline and then on an acid solution, the basic and 
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neutral tar oils are obtained in the first extract, and in the second the 
acid. This gives a method of estimating the neutral tar oils, and in 
such operations these have usually been found to be about the same in 
amount as the basic, and very much less than the acid. 

LIMITS OF IMPURITY. 

Every authority dealing with the prevention of pollution of streams 
has repeatedly been asked by manufacturers to state what standards of 
purity must be reached before an effluent can be considered fit to discharge 
to a stream, or, in other words, what limits of impurity are allowable in 
such an effluent. The request is a natural one, but most difficult to satisfy. 
The Royal Commission of 1868 repeatedly proposed such standards, and 
finally recommended (Fifth Report, p. 49) that the following liquids be 
deemed polluting and inadmissible into a stream : — 

" (a) Any liquid which has not been subjected to perfect rest in subsidence 
ponds of sufficient size fur a period of at least six hours, or which, having 
been so subjected to subsidence, contains in siispension more than one 
part by weight of dry organic matter in 100,000 parts by weight of the 
liquid, or which, not having been so subjected to subsidence, contains 
in txispermon more than 3 jArts by weight of dry mineral matter, or 
1 part by weight of dry organic matter in 100,000 parts by weight of 
the liquid. 

(6) Any licjuid containing, in solution^ more than 2 parts by weight of 
organic carbon, or 0*3 part by weight of organic nitrogen in 100,000 
parts by weight. 

(c) Any liquid which shall exhibit by daylight a distinct colour when a 

stratum of it one inch deep is placed in a white porcelain or earthenware 
vessel. 

(d) Any liquid which contains, in soltUioHy in 100,000 parts by weight, more 

than 2 parts by weight of any metal except calcium, magnesium, 
potassium, and sodium. 

(e) Any liquid which, in 100,000 parts by weight, contains, whether in 

solution or suspension, in chemical combination or otherwise, more than 

0*06 part by weight of metallic arsenic. 
(/) Any liquid which, after acidification with sulphuric acid, contains, in 

100,000 parts by weight, more than 1 part by weight of free chlorine. 
(g) Any liquid which contains, in 100,000 parts by weight, more than one 

part by weight of sulphur, in the condition either of sulphuretted 

liydrogen or of a soluble sulphuret. 
{h) Any liquid possessing an acidity greater than that which is produced by 

adding 2 parts by weight of real muriatic acid to 1000 parts by weight 

of distilled water, 
(i) Any liquid possessing an alkalinity greater than that produced by addino 

1 part by weight of dry caustic soda to 1000 parts by weight 01 

distilled water. 
(k) Any liquid exhibiting a film of petroleum or hydrocarbon oil upon its 

surface, or containing, in suspension, in 100,000 parts, more than 0*05 

part of such oil. 
Proviaed always, that no effluent water shall be deemed polluting if it be not 

more contaminated with any of the above-named polluting ingredients 

than the stream or river into which it is discharged." 

They recommended that in regard to river pollution arising from mining 
operations (d) and (e) should be suspended, although they hoped that 
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practicable methods would be devised for the purification of such liquids, 
when these standards could be applied to them also. 

The matter was fully discussed when the Rivers Pollution Prevention 
Act, 1876, was passed through Parliament, but it was found impracticable 
to adopt this recommendation, and instead it was enacted (Section 4) that 
no offence against the Act is to be deemed to have been committed by a 
person causing a polluting liquid to be discharged into a stream by a 
channel then existing, provided he shows to the satisfaction of the Court 
that he is using '* the best practicable and reasonably available means to 
render harmless" the polluting liquid. The Royal Commission on Sewage 
Disposal now sitting has for fifteen years been considering the question, but 
has not yet come to a final decision. They recommend (Fifth Report, p. 220, 
and Eighth Report, p. 17) that a standard for sewage effluents should be 
fixed by statute or prescribed by their proposed Central Authority, and that 
the Rivers Boards or County Councils should have power, subject to appeal 
to the Central Authority, to ask for this to be varied according to local cir- 
cumstances. They suggest (Eighth Report, p. 17) that a sewage effluent 
would generally be satisfactory if it complied with the following conditions : — 

(1) Tliat it should not contain more than 3 parts per 100,000 of susi^ended 

matter; and 

(2) That, with its suspended matters included, it should not absorb at 18*3° C. 

more than 2*0 parts by weight per 100,000 of dissolved oxygen in five 
days. 

They have not as yet, even provisionally, suggested any standard for 
trade refuse effluents, except in regard to distillery refuse discharged into 
small fishing rivers, in regard to which they say (Sixth Report, p. 17) 
that an effluent would probably prove satisfactory if it complied with 
the following conditions : — 

(1) That it should not contain more than 3 parts per 100,000 of suspended 

matter ; 

(2) That it should be non-putrescible on incubation ; and 

(3) That, after being filtered through filter paper, it should not absorb more 

than 1'5 parts by weight per 100,000 of aissolved or atmospheric oxygen 
in five days. 

As the matter is still as it were mib jvdice^ and as the final recom- 
mendations of the Royal Commission on this subject are likely to be 
issued at an early date, it seems inadvisable to discuss it at any length 
in these pages. It should be stated, however, that in the opinion of most 
of those responsible for enforcing the Acts for the prevention of rivers 
pollution, fixed standards are not to be recommended, and indeed would be 
impossible to enforce. Such standards must necessarily be fixed as high 
as is reasonably possible of attainment by a manufacturer whose premises 
are favourably situated ; but what is possible for him may be quite im- 
practicable for another manufacturer in the same trade whose premises 
may happen to be hemmed in by other buildings. To take another case, 
standards which could easily be complied with by a dyer would be almost 
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impossible for a tanner or a woolcomber. Again, the high standards 
necessary for effluents to be discharged to a stream of small size or in a 
rural district are quite unnecessary for effluents destined for a navigable 
river or a stream which is not used for water supply either for man or 
cattle. If standards were fixed they would in fact bear very heavily upon 
manufacturers, who are at present safeguarded by Section 4 of the Rivers 
Pollution Prevention Act, 1876, when they are using the best practicable 
and reasonably available means to render their waste waters harmless. 

In the case of sewage effluents the arguments against fixed standards are 
not quite so strong, inasmuch as they are produced from one class of liquids 
and a Sanitary Authority is in a better position than a manufacturer to 
obtain the necessary site for purification works ; but in this case also there 
is always the difference in streams to be taken into consideration. 

It will no doubt be urged that fixed standards have been found of use 
in the Alkali Works Regulation Acts in dealing with gaseous emanations ; 
but these impurities are discharged into the atmosphere, where any pollut- 
ing matter is rapidly diffused and where the conditions do not vary as they 
do in the streams. When liquid discharges are dealt with (Section 6 of 
the Act of 1906), an offender is only called upon to use the best practicable 
and reasonably available means for the abatement of a nuisance. 

Although there are, as has been stated, strong differences of opinion 
with regard to the advisability of fixing standards at all, if they are to be 
fixed, probably all will be agreed as to the correctness of the limit of 3 
parts of suspended matter per 100,000, as this is comparatively easy of 
attainment, while, on the other hand, the discharge of much suspended 
matter into a stream produces an immediate and noticeable pollution. 
Even from an effluent which contains the above apparently small amount 
of suspended matter the stream will receive over a ton of wet sludge with 
every million gallons of effluent. If this sludge is putrescible, there is 
a danger that when it collects in the pools of a stream it will there 
decompose with the liberation of offensive gases. 

Even with such an apparently simple matter as the fixing of the above 
limit for suspended matters in an effluent, the difficulty of dealing with 
the question on hard-and-fast lines can be realised when it is pointed 
out that it is only necessary for a manufacturer to dilute his waste 
waters with a sufficient volume of clean water in order to comply with 
a requirement such as this. 

Growths in Streams. — Any standard adopted must, if it is to be of 
any service, have reference to the effect produced by the discharge of an 
effluent into a stream, and this effect cannot be measured solely by a 
chemical analysis. It is often quite as important to observe the living 
organisms which inhabit the stream and to note any variations which may 
be produced by an effluent, such as the disappearance of some forms and 
the abnormal growth of others. For example, in a stream poisoned by 
ochre water, practically every form of life, with the exception of a few 
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characteristic algse, disappears, while, on the other hand, the pollution of 
a stream by various forais of trade refuse may give rise to profuse growths 
of special organisms. Discharges, for instance, of spent gas liquor have 
been found to cause such a growth of Botrytis wlgaris as to block up the 
channel of a small stream, and in other cases to cover the bed of a stream 
with masses of SphcerotUus natan$^ Beggiatoa alba, or Oospora and Fusariwn 
sokmi. Bleach-croft refuse has caused a large development of SphcBrotilus 
natanSf while the effluents from a brewery have been found to favour the 
growth of MonUia variabilis. In the case of a colliery discharging saline 
water such organisms as Enteromorpha intestinalis and Amphiprora 
pal'iuiosa have been found in the stream below. 

Besides these abnormal growths of special organisms there are also 
invariably less evident changes in the fauna and flora of the stream, such 
as result from any pollution, whether by trade refuse or domestic sewage. 

This aspect of the question has recently received considerable attention, 
especially by Kolkwitz and Marsson in Germany, who have classified the 
commoner organisms according to the amount of pollution in the waters 
they inhabit. The importance of an examination of these changes in the 
life of a stream can scarcely be overestimated. 
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Bell's pressure filtera, 144. 

Benzol recovery, 29, 81, 40. 

Bilston Improvement Act, 1896, 288, 291. 

Bingley, 297. 

Biological filtera, 269. 

Biological purification — 

bleach-croft rofuse, 101. 

brewery refuse, 64. 

distillery refuse, 68. 
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Biological purification— conitnt^. 

gas liquor, 83. 

malting refuse, 58. 

piece- scouring refuse, 176. 

silk-boiling refuse, 129. 

tannery refuse, 82. 

wool-washiug refuse, 117. 
Birmingham Sewage Works, 251. 
Birmingham Silt Tanks, 252. 
Bisulphide of carbon, 124, 211. 
Black ash waste, 206. 
Blanket scouring, 198. 
Blast furnaces, 27, 37. 
Bleaching {see Cotton, Flax, Hemp, and 

Jute bleaching). 
Blood from slaughterhouses, 220. 
Boiler blowing-o(f, 8, 11. 
Bone boiling, 220. 
Botrytis vtSgaris^ 881. 
Bowles, 224. 
Bradford, 297, 301. 

Bradford Sewage Works, 116, 248, 307, 808. 
Bradford Tramways and Improyement Act, 

1897, 288, 291. 
Brewery refuse, 60. 

at Banbury, 68. 

at Blackburn, 68. 

at Burton-on-Trent, 61, 809. 

at Highfield Brewery, 64. 

at Shepton Mallett, 809. 

growths caused by, 881. 

preliminaiy treatment, 295. 

sludge from, 268. 

treatment, 61. 

used in wiredrawing, 204. 

volume, 61. 
Brewing, 59. 
BrigK and Sons, 139. 
Brighouse, 297. 
Bristol, 299. 
Broad irrigation, 275. 
Brooke's Oil Separator, 213. 
Brunner, Mond and Co., 88. 
Burgh Police (Scotland) Act, 1892, 289, 

291. 
Bury Improvement Act, 1885, 288, 291. 
Butter making, 221. 
Buttorfield, 218. 
Bye-product recovery, 26. 

Calmstte, 65, 69, 224, 225. 
Candle making, 284. 
Candy, 57, 269. 
Carbon bisulphide, 124, 211. 
Carbonising, 170, 198. 
Casein preparation, 221. 
Causticising, 88, 208, 216. 
Central Authority — 

duties of, 298. 

recommended by Royal Commission, 4, 
292. 
Centrifugal machines — 

Gee's, 280. 

Industrial Waste Eliminators Ltd., 104, 
210. 

Smith's Patent Vacuum Machine Co., 
124. 
Chadwick Machine Co., 244. 



Chambers, 63. 

Chambers and Hammond, 109, 124, 167, 

242. 
Chance, 207. 
Cheesei making, 221. 
Chemical precipitation, 258 {see Precipi- 

tants). 
Chemical refuse {see Gas liquor). 
China clay washing, 230, 235. 
Clark and Adams, 65, 117. 
Clay mixing, 238. 
Coal washing, 4, 18. 

coal recovered, 17, 21. 

economy of treatment of refuse, 21. 

gas liquor used, 87. 

re-use of water, 15, 17. 

sludge from, 268. 

types of washer, 14. 

volume of water used, 17. 
Coke ovens, 25, 26. 
Coke production, 24. 
Coke quenching, 5, 24, 87. 

with gas liquor, 37. 
Condensing water, 218. 
Confectionery making, 284. 
Contact beds, 63, 101, 274. 
Copper process, moist, 205. 
Copperas manufacture, 203, 205. 
Cotton bleaching, 97. 

biological filtration of refuse, 101. 

nature of refuse, 98. 

processes, 97. 

treatment of refuse, 98, 101. 

volume of refuse, 108. 
Cotton waste — 

bleaching, 108. 

degreasing, 104, 126. 
County Councils, 3. 
Creamery refuse, 220, 285. 
Creiwthrix polyspora, 9, 65. 
Crothers, 156. 
Currying, 75. 
Cutlery grinding, 283. 

Dairy refuse, 220, 235. 
Davies, 276. 
Davis-Perrett Ltd., 215. 
Degreasing — 

cotton waste, 104, 126. 

shoddy, 210. 

wool, 124. 
Devil water, 28, 30. 

Dewsbuiy Improvement Act, 1884, 288. 
Dibdin, 269, 274, 325. 
Distillerjr refuse, 5, 67. 

biological filtration of, 68. 

in Ohio, 69. 

sterile, 272. 

treatment of, 68. 
Distilling, 65. 
Distribution on filters, 278. 
Domestic sewage, 295. 
Dortmund tanks, 251, 288. 
Drainage from — 

black ash waste, 207. 

mines, 9. 

shale heaps, 205, 284. 
Dripping preparation, 220. 
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Dunbar, 82, 220, 269. 
Dyeing, 130. 

procesaes, 131, 143, 165. 
Dyewaters — 

fibre recovered from, 182. 

preliminary treatment of, 295, 306. 

settling tanks for, 132. . 

sludeefrom, 136, 141, 148, 268. 

Bterile, 272. 



El LAND, 297. 

Empire Engineering Co., 213. 
EiUeromorpha inteslinaliSy 831. 
Evaporation of — 

distillery refuse, 67, 70. 

gas liquor, 36, 37. 

kier liquor, 100. 

potash liquor from wool, 109. 

waste soda liquors, 216. 

wood pulp refuse, 94. 

wool suds, 120. 
Evaporators, 275. 



Farrku, 273. 
Fellmongering, 75. 
Fermentation, 51, 60. 
Fibre recovery— 
from dyewaters, 1 32, 289. 
from paper- making refuse, 89, 92. 
File scouring, 233. 
Filter presses, 116, 156. 
Filters- 
biological, 269. 
contact, 274. 
high pressure, 57, 88, 144. 
material for, 270. 
maturing of, 271. 
percolating, 269. 
sand, 101. 
sludge, 264. 
straining, 268. 
Filtration — 
biological, 269. 
bleach-croft refuse, 101. 
brewery refuse, 64. 
distillery refuse, 68. 
gas liquor, 33. 
malting refuse, 58. 
piece-scouring refuse, 176. 
silk-boiling refuse, 129. 
tannery refuse, 82. 
wool-washing refuse, 117. 
laud, 274. 
strainers, 268. 
Flannel manufacture, 188. 
Flax- 
bleaching, 105. 
retting, 107. 
Flies, nuisance from, 270. 
Flint grinding, 233. 
Fowler, 33, 319. 

Fuller's earth, 174, 176, 196, 197. 
Fulling, 174. 
Flillner, 92. 

Fungoid growths, 9, 51, 64, 331. 
Fusarium solani, 331. 



Galvanihino, 202, 234. 
Garfield, 116, 225. 
Gasholder tanks, 43. 
Gas liquor, 26. 

Acta of Parliament, 29, 32. 

analysis, 326. 

Bradford, 33. 

Cambuslang, 35. 

disposal, 36. 

effect on stream, 29. 

Enfield, 85. 

evaporation, 36, 37. 

growths caused by, 331. 

Manchester, 33, 309. 

method of production, 27. 

Oldbury, 309. 

purification, 33. 

quantity produced, 32, 39, 42. 

sterile, 33, 272. 

Sutton, 33. 

tar distilling, 215. 

used for coal washing and coke quench- 
i ing, 37. 

Wellington, 35 
Gas manufacture, 8, 24. 

power gas, 44. 
Gasworks Clauses Act, 1847, 2, 32. 
Gasworks refuse, 2, 8, 24. 
Gee, 230. 

Gelatine manufacture, 218, 235. 
Glasgow Corporation (Sewage, etc.) Act, 

1898, 288, 291. 
Glasgow Police Act, 1866, 288, 291. 
Glenfield and Kennedy, 246. 
Glue manufacture, 218, 235. 
Glycerine from soap making, 208. 
I Grain washer, 52. 
Grain washing, 51. 

re-use of water, 53, 57. 

screening, 55. 

treatment, 53, 70. 

volume of water used, 58. 
Grand val and Lajoux, 319. 
Grease distillation. 212, 235. 
Grease estimation, 326. 
Grease extraction, 209, 235. 
Grease, recovery from — 

blanket-scouring refuse, 193. 

cotton waste, 104, 126. 

piece-scouring refuse, 175, 209, 307. 

shoddy, 210. 

wool, 107. 

wool-washing refuse. 111, 209, 307. 
Greaves, 10, 13. 
Greenwood and Sons, 196. 
Grossman n, 85. 
Growths in streams, 330. 
Guth, 222. 



Halifax Corporation Act, 1905, 5, 294, 

304. 
Halliwell, 161, 164, 169. 
Ham, Baker and Co., 273, 274. 
Hardness of water, 11, 328. 
Harrogate Sewage Works, 308. 
Hastings Improvement Act, 1885, 288. 
Hawksley, Wild and Co., 57. 
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Heckmondwike Improvement Act, 1905, 

5, 294, 304. 
Hehner, 324. 
Helix meter, 246. 
Hemp — 
bleaching, 105. 
retting, 107. 
Hemsworth Sewage Works, 308. 
Hendrick, 12, 67, 88. 
Higginbottom, 56. 
Holden and Brooke, Ltd., 213. 
Holden, Isaac, and Son, 124. 
Howe, 13. 
Hubner, 88. 
Huddersfield Corporation Act, 1906, 6, 

294, 304. 
Huddersfield Improvement Act, 1871, 288, 

291. 
Huddersfield Sewage Works, 307, 309. 
Hummel, 159. 
Humphrey, 44. 
Humus tanks, 274. 
Hyde, 299. 

Ilkley Sewage Works, 808. 

Imhoff, 258. 

Incineration of potash from wool-washing, 

109. 
Incinerators, 275. 282. 
Indigo dyeing, 159. 
Industiial Waste Eliminators Ltd., 104, 

210. 
Intermittent downward filtration, 275. 
Iron in water, 9. 
Irrigation meter, 246. 

Johnson, 820. 

Johnson, S. H., and Co., 156, 267. 

Joint Committees, 3. 

Jute — 

bleaching, 105. 

retting, 107. 

Kattein, 225. 

Keighley, 297, 809. 

Keighley Corporation Waterworks Act, 

1898, 288, 291. 
Kelsall and Kemp, 120. 
Kent, 242, 245, 246, 260. 
Kershaw, 269. 
Kestner boiler, 281. 
Kestner evaporator, 279. 
Kestner Evaporator and Engineering Co. , 

Ltd., 276. 
Kimberley, 225. 
Kirk and Sons, 181, 188. 
Kjeldahl, 317. 
Kochs, 39. 
Kolkwitz, 331. 
Koppers, 39. 
Kremer, 220. 

Land treatment, 274. 
Lassen and Hjort, 244, 260. 
Laundry refuse, 225. 
Lea recorder, 245. 
Leach, 109, 120, 122. 
Leather trades, 72. 



Leblanc, 207. 

Lee Conservancy, 4. 

Leeds, 297, 299. 

Leeds Meter Co., 246. 

Leeds Sewage Works, 119, 268. 

Leicester, 299. 

Leptothrix ochraeece, 9. 

L'tipuration, Soci^t^ anonyme, 249. 

Liebert, 160. 

Lighting; and Watching Act, 1833, 2. 

Lime mixer, 259. 

Limits of impurity, 328. 

Lishman, 161. 

Liversedge, 297. 

Loading, 170. 

Local Authorities and manufacturers, 292. 

Local Government Act, 1888, 8. 

Longwood Engineering Co., Ltd., 56, 240. 

Lunge, 327. 

Macadam, 69. 

Mackey, 13, 14, 17, 18, 86, 139, 141, 143, 
166, 253, 257, 260, 288. 

Mackey's apparatus, 139, 253, 257. 

Magma cake, 184. 

Magma filters, 112, 178, 183. 

Mallalieu, 287. 

Malting, 67, 70. 

Malt-kiln tiles, 239. 

Management of works, 283. 

Manchester, 297, 299. 

Manchester Corporation (General Powers) 
Act, 1902, 288, 291. 

Manlove, Alliott and Co. , 267. 

Manufacturers and Local Authorities, 292. 

Margarine preparation, 234, 309. 

Marriott, Son and Shaw, 196. 

Marsson, 331. 

Massachusetts State Board of Health, 82, 
101, 320. 

Mather and Piatt, 154, 238, 246, 269, 274. 

McGowan, 318. 

Mechanical filters- 
Bell, 67, 144. 
Candy, 57. 

Hawksley, Wild and Co., 57. 
Mather and Piatt, 269. 
Royles, 269. 

Mercerising, 172. 

Mersey and Irwell Joint Committee, 8, 4. 

Mersey and Irwell Joint Committee Act, 
1892, 4. 

Meters, 244. 

Methods of analysis, 312. 

Middlesex County Council, 4. 

Middlesex County Council Acts, 1898 and 
1906, 4. 

Milk sugar manufacture, 221. 

Milling. 174, 189. 

Mineral oil refining, 216, 235. 

Mineral water manufacture, 233. 

Mirrlees Watson Co., Ltd., 276. 

Mirrlees Watson and Yaryan Co., 120. 

Moisture in sludge, 248. 

Mond gas, 21, 44. 
sources of pollution from, 45. 

Monilia variabilis^ 331 . 

Moore, 269. 

22 
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Morley, 299. 

Morrison, 75. 

Mossley, 299. 

Multiple effect evaporation, 277. 

Murray, 288. 

Naphtha, 104, 124, 211, 216. 

Naylor, 6B, 89, 101, 207, 276. 

Naylor Bros., 270. 

New Mill, 299. 

NitriBcation, 65, 69, 117, 819. 

Nottingham and Lefen District Sewerage 

Act, 1872, 288, 291. 
Nottingham Improvement Act, 1874, 288, 

291. 
Nuisance from flies, 270. 

Ochre water, 9, 206. 

treatment, 10. 
Oddy, 129, 192. 

Oil in condensing water, 213, 235. 
Oldham Sewage Works, 807. 
Oospora laelis^ 64, 331. 
Ore washing, 230, 236. 
Organisms in streams, 830. 
Ossett, 297. 

Ostend Sewage Works, 249. 
OttoHilgenstock, 40, 46 

Paint manufacture, 233. 
Paper making, 84. 

natare of refuse, 84, 87. 

processes, 84 

quantity of refuse, 85, 87. 

sludge from, 89, 268. 

treatment of refuse, 87. 
Pasteurising milk, 221. 
Payment oy manufacturer to Local 

Authority, 5, 292, 295, 305.. 
Pearson, 244. 

Penrith Sewage Works, 266. 
Percolating filters, 269. 
Permutit process, 12. 
Picker making, 80. 
Pickle, 202, 204, 295, 308, 309. 
Piece-scouring, 173. 

preliminary treatment of refuse, 295, 
806. 

sludge from, 268. 
Pit water, 8, 16. 

analysis, 16. 

ezemi)t from legal proceedings, 8. 
Polluted condition of streams, 1. 
Pollution of streams preventible, 2. 
Porion evaporator, 275. 
Potash in wool suds, 109 

recovery, 121, 125. 
Power gas, 44. 

sources of pollution from, 45. 
Precipitants, 258. 

acid for kier liquors, 98. 

acid for piece-scouring refuse, 175. 

acid for wool- washing refuse. 111. 

aluminium chloride for waste dyewaters, 
• 169. 

aluminium salts for tar-distilling refuse, 
216. 



Precipitants — continued. 
aluminium sulphate for waste dyewaters, 

144. 
alumino-ferric for blanket-scouring re« 

fuse, 196. 
alumino-ferric for dyewaters, 136, 157. 
alumino-ferric for glue refuse, 220. 
alumino-ferric for paper-making refuse, 

88. 
alumino-ferric for piece-scouring refuse, 

• 191. 
alumino-ferric for silk-boiling refuse, 

129. 
alumino-ferric for tannery refuse, 82. 
bleaching powder for grease-distilling 

refuse, 212. 
cop^ras for tannery refuse, 82. 
feme sulphate for silk-boiling refuse, 

129. 
iron salts for tar-distilling refuse, 216. 
lime for brewery refuse, 64. 
lime for coal -washing refuse, 17. 
lime for dyewaters, 136, 140, 144, 153, 

155, 157, 168. 
lime for glue refuse, 220. 
lime for grain-washing refuse, 57. 
lime for piece-scouring refuse, 191. 
lime for tannery refuse, 82. 
lime inadvisable for malting refuse, 59. 
Preliminary treatment of trade refuse, 295, 

299, 306, 310. 
Preserve making, 234. 
Presses for sludge, 267. 
Princeps and Co., 213. 
Princeps Oil Extractor, 214. 
Printing, 169. 
Public Health Act, 1875, 2, 32, 286. 

gas liquor, 32. 
Public Health Acts (Amendment) Act, 

1890 3*^ 287 
Public Heaitlf (Scotland) Act, 1897, 288, 
290, 292. 
I Pudsey, 299, 309. 

Pumps, 238. 
I Putrescibility, 325. 
Pyridine, 216. 

{ QuflNCHiNo coke, 5, 24, 87. 

Radcliffe, 33. 
Raikes, 269. 
Ramsay, 325. 
Read Holliday, 160. 
Recovery of — 

beeswing from grain washing, 56. 

coal from coal washing, 17, 21. 

fibre from dyewaters, 132, 239. 

fibre from paper-making refuse, 89, 92. 

glycerine in soap making, 208. 

grease from blanket-scouring refuse, 193 

grease from piece- scouring refuse, 176 
179, 180, 183, 209, 307. 

grease from wool- washing refuse. 111, 
209, 307. 

indigo from waste dyewaters, 161. 

iron salts from waste ])ickle, 203. 

potash from wool -washing refuse, 109. 

soda from bleach -croft refuse, 100, 107. 



INDEX. 



339 



Recovery of '^eoniimud, 

soda from pa{)er-niaking refuse, 88. 

sulphur from alkali waste, 207. 

yeast from brewery refuse, 65. 
Regulations for discharge to sewers, 299, 

304. 
Reid, 314. 

Retting of flax, hemp, and jute, 107. 
Re-use of water — 

blanket scouring, 198. 

coal washing, 15, 17. 

dyeing, 138, 141, 144. 

grain washing, 53, 57. 

textile trade, 200. 
Ribble Joint Committee, 4. 
Rideal, 324 
Riley and Son, 198. 
Riparian rights, 294. 
Ripley, Edward, and Sons, 144. 
Rivers Authorities — 

County Councils, 8. 

Joint Committees, 3. 

Lee Conservancy, 4. 

Mersey and Irwell Joint Committee, 
8, 4. 

Ribble Joint Committee, 4. 

Thames Conservancy, 4. 

West Riding Rivers Board, 4. 
Rivers Boards advocated, 5. 
Rivers Pollution Prevention Act, 1876, 2, 
5, 6, 8, 29, 169, 286, 291, 292, 829, 
330. 

defects of procedure, 5. 

gas liquor, 29. 

pit water, 8. 
Rivers Pollution Prevention Act, 1893, 4. 
Roberts, 115. 

Royal Commission on Rivers Pollution, 
1865— 

copperas manufacture, 205. 

dyeing, 130. 

grease extraction, 211. 

paper making, 87. 

polluted condition of streams, 1. 

soap making, 208. 

wool washing, 109, 111. 
Royal Commission on Rivers Pollution, 
1868- 

coal washing, 13, 18. 

discharge to sewers, 285. 

dyeing, 130 

evaporation of wool suds, 120. 

galvanising, 203. 

limits of impurity, 328. 

ochre water, 10. 

ore washing, 230. 

paper making, 89. 

piece scouring, 173. 

pit water, 10. 

polluted condition of streams, 1. 

pollution itreventible, 2. 

sheep washing, 226. 

standards, 328. 
Royal Commission on Sewage Disposal, 
1898— 

adequacy of sewage works, 288. 

Central Authority advocated, 4, 292. 

charge for use of sewer, 292, 310. 



Royal Commission, etc. — continued, 

coal washing, 13, 18. 

discharge to sewers, 5, 286, 292, 309. 

distillery refuse, 5. 

distilling, 67. 

limits of impurity, 329. 

malting, 57. 

methods of analysis, 318, 322, 325. 

ochre water, 10. 

paper making, 87. 

pit water, 10. 

recovery of caustic soda, 88. 

Rivers Boards advocated, 5. 

sewage mixed with trade effluents diffi- 
cult to purify, 4, 83, 309. 

sludge pressmg, 267. 

sludge treatment, 263, 267. 

Smith-Leach process, 122. 

standards, 329. 

terms of reference, 4. 
Royles, 269. 

Rubber puriJication, 234. 
Rug making, 80. 
Ruggles-Coles drier, 211. 
Rushby, 154. 



Salford, 299. 

Salmon Fisheries Act, 1861, 2. 

Salt deposits, 233, 237. 

Sampling, 282. 

Sand filters, 269. 

Sand washing, 228, 236. 

Scale in boilers, 11. 

Schiele, 89. 

Schirm, 212. 

Schoofs, 225. 

Schunck, 97. 

Scott and Son, 276. 

Scott's revolving incinerator, 282. 

Scouring cloth, 173. 

Screens, 239. 

for grain-washing refuse, 55. 
Seak tanks, 112. 
Septic Tank Co., 253. 
Septic tanks, 257. 
Settlement — 

continuous, 246. 

quiescent, 246. 
Settling tanks, 246. 
Sewage^ 

domestic, 295, 307, 310. 

mixed with trade refuse difficult to 
purify, 4, 83, 309. 
Sewers, trade waste waters in, 82, 285, 

309. 
Shale heaps, 205, 234. 
Shaw, 196. 

Sheep dipping, 226, 236. 
Sheep washing, 225, 236. 
Silcock, 269. 

Silk boiling, 126, 295, 306. 
Simon, 52, 56. 
Simon-Carves, 16, 42, 46. 
Simplex Coke Oven Co., 37. 
Size manufacture, 218, 285. 
Slate beds, 274. 
Slaughterhouse refuse, 220, 235. 
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Sludge— 

filters, 134, 141, 197, 264. 

from paper-making refuse re-used, 89. 

from sewage, 310. 

from trade refuse, 268, 807, 310. 

from waste dyewaters, 136, 141, 148. 

moisture in, 248. 

pressing, 267. 

removal by Local Authority, 294, 299. 

treatment, 268. 
Smith, John, and Sons, 120, 124. 
Smith-Leaoh process, 120. 
Smith's Patent Vacuum Machine Co., 124, 

210. 
Soap making, 208, 218, 235. 
Solvay, 207. 

Spent lye from soap making, 208. 
SphasTotilus natans^ 65, 331. 
Spitta and Weldert, 326. 
Stabler, 69. 
Standards, 328. 
Starch liquor, 170. 
Starch manufacture, 233, 236, 309. 
Sterility of trade refuse, 272. 
Stiff and Co. , 270. 
Stiffening, 170. 
Stone sawing, 227. 
Straining filters, 268. 
Stripping, 170. 
Suction gas, 48. 
Sugar refining, 233, 286. 
Sulphide black dyeing, 165. 
Sulphur from alkali waste, 207. 

Tadcasteb, 299. 
Tallow manufacture, 220. 
Tannery refuse — 

at Sevenoaks, 309. 

biological filtration of, 82. 

nature of, 74, 80. 

preliminary treatment of, 295, 306. 

purification of, 80. 

sludge from, 268. 

volume of, 75. 
Tanning, 72, 74. 
Tar distilling, 215, 235. 
Tar oils, 327. 

Tar spraying on roads, 216, 235. 
Tatlock and Thomson, 320. 
Tatton, 120, 161. 
Taylor, J. T. and J., 154. 
Textile trades, 96. 
Thames Conservancy, 4. 
Tiltometer, 261. 
Tinplating, 204, 234. 
Tippers, 278. 

Towns Improvement Clauses Act, 1847, 
1,6. 



Travis, 258. 

Tripe dressing, 220. 

Trotter boiling, 220. 

Tuke and Bell Ltd., 278, 274. 

Turner, 203. 

United States Geological Survey, 69. 

Yaouum degreasing machine, 124, 210. 
Vacuum pans, 276. 
Valves — 

decanting, 248. 

aoating, 248. 
Varnish manufacture, 233. 
Venturi meter, 246. 
Venturi tube, 261. 
Vial. 249. 

Waitb, 132, 138, 168, 175, 253, 257, 260, 

288. 
Waite's apparatus, 132, 253. 
Wakefield, 299. 

Wakefield Sewage Works, 260, 263. 
Walker Bi-os., 203. 
Walsall Corporation Act, 1890, 288. 
Wanklyn, 317. 

Waste pickle, 202, 204, 295, 308, 309. 
Water softening, 3, 11. 
Watei-works Clauses Act, 1847, 2. 
Waterworks, straining filters at, 269. 
Watson, H B., Ltd., 149. 
Watson, J. D.,251. 
Watson's plant, 149. 
Weldert, 326. 
West Biding of Yorkshire Rivers Act, 

1894, 4, 288, 291. 
West Riding Rivers Board, 4. 
Wheatley and Sons, 181, 186. 
Wilson filter, 88, 269. 
Wilson, H. Maclean, 65. 
Wilson, John, and Son, 267. 
Winkler, 324. 
Wiredrawing, 204, 234. 
Wolverhampton Corporation Act, 1891, 

288, 291. 
Wolverhampton Improvement Act, 1869, 

288 291 
Wood distillation, 234. 
Wood pulp manufacture, 98. 
Wool-washinff refuse — 

biological nitration of, 117. 

evaporation of, 120. 

nature, 107, 109. 

preliminary treatment, 295, 306. 
Wyld, 36. 

Yarn scouring, 173. 
Yaryan evaporator, 120, 277. 
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fi^iFTH Edition, Revised. In Laige 8va Pp. i-xxiv + 5ii. With 255 
Diagrams, Examples, and Tables, and a Chapter on Foundations. 
Cloth, 1 6s. 

THE DESIGN OF STRUCTURES: 

A PpaoUcal Treatise on the Building of Bridges, Roofs, fte. 
By S. ANGLIN« C.E., 

Hast«r of iBgiiiearinc, Rofyal UniiranUy of Irelasd, laU Whitworth Scholar, ftc. 
'W« on rnihwiftringly wcommmid diis wovk not only to tho Student, u tho best 



ITJDKT-BooK on tho sabiect, bul alio to the profenionel engineer as an kxcoduigly 
VALUABLE book of rafarenoe.**~Jfrr>laiMr«/ W0rltL 



'In Large Crown 8vo. Pp. i-xiv + 236. Witii 201 Illnatratioiuk ds. net. 

AN INTRODUGTIOM TO THE DESIGN OF BEAMS, 

filRDERS, AND COLUMNS IN MACHINES AND STRUCTURES, 

With Bzamples in Q-raphlo Statics. 
Bt WILLIAM H. ATKEBTON, M.Sc., M.LM10H.E. 

"A veiT vsefnl souree of iaformatlon. ... A woik which we commend vecy 
»lliChlT.''-ya<iir«. 

•Fourth Edition, Thoroughly Revised. Royal 8vo. Pp. i-xxx + 456. 
With 239 Illustrations in the Text, and 13 Lithographic Plates. Hand- 
some Cloth. Price 30s. 

A PRACTICAL TREATISE ON 

BRIDGE CONSTRUCTION: 

Being a Text-Book on the Construetlon of Bridges In Iron atad Steel. 

FOR THE USE OF STUDENTS, DRAUGHTSHEN, AND ENBINEERS. 

By T. CLAXTON FIDLER, M.In8t. CE., 

Late PkoC of Bngineering, Vt&nmltf CoUege, Dnndee. 

"The new edition of Mr. Fidler's work will again occupy the lame conspicuous 
•rosiTiON among profesnonal text-books and treatiMS as has been aoxirded to its pre- 
decessork Sound, simplb, and full." — Tk* Ettgnuer. 



In Medium 8vo. Pp. i-xv + 248. With 103 Illustrations. Priceios.6d.net. 

CONSTRUCTIONAL STEELWORK i 

Being Notes on the Praetleal Aspeet and the Prineiples of Design, together 
with an Aeeount of the Present Methods and Tools of Manufaeture. 

By a W. FARNSWORTH, A.M.I.Mech.E. 

A worthy volume, which will be found of much assistance. ... A book ol 
•particuhtr value." — Practical EHgittMr. 

In Crown 4to. Pp. i-x+i28. Fully Illustrated. 8s. 6d. net. 

eUlLDiNG STRUCTURES IN EARTHQUAKE COUNTRIES. 

By ING, ALFREDO MONTEL. 

Prom the Italian, with additious by the Author. 

" An excellent survey of the subject, .^ . . will be found useful to many who are called 
upon to design buildings where the soil is of unstable character or has been undermined by 
•colliery workings or brine-pumping operations *— Builder, 

lONOON : CHARLES flRIFFIN A CO.. LIMITED. EXETER STREET, STRANa 



i6 CHARLES QBIFFIN db CO.'S PUBLWAT10N8. 

Second Edition, Revised. In Large 8vo. HaDdaome doth. Gilt. 
With 37 Folding PUtes and nearly 500 Illustrations in 

the Text. 30s. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM. 

Genebal Contents. — Historical and Discursive. — Dock Design. — 

Constructive Appliances. — Materials, — Dock and Quay Walls. — Entrance- 

Passages and Looks.— Jetties, Wharves, and Piers. — Dock Gates and 

Caissons. — Transit Sheds and Warehouses. — Dock Bridges.— Graving and 

Repairing Docks.— Working Equipment of Dooks. — Index. 

"We have never leen a more profoBely-llluBtrated treatiee. It Is a -most Important. 
•Mndard work, and should be in the handi of all dock and harbour engineers."— jSteamMip- 



In Large 8vo. Pp. i - xii + 283. With 18 Plates, 11 Tables, and 220 

Illustrations in the Text. 16s. net. 

A COMPANION VOLUME TO "DOCK ENGINEERING." 
THE PRIKOIPLXS AND PRAOTICE OF 

HARBOUR ENGINEERING. 

By BRYSSON CUNNINGHAM. 

Contents. — Introductory. — Harbour Desi^. — Surveyiog^ Marine an<fe 
Submarine.— Piling.— Stone, Natural and Artificial.— Breakwater Design.— 
Breakwater Construction. — Pierheads^ Quays, and Landing Stages. — 
Entrance Channels.— Channel Demarcation. -Index. 

" This is a standard work . . . sure to prove a valuable book of reference."— 
Shipping World. 



In Crovrn Svo. Handsome Cloth. Pp. i-xiv x 504. With many Illus- 
trations, including 7 Coloured and 15 Other Plates. 128. net. 

HYDROGRAPHIC SURVEYING 

Fop the Use of Besrinners, Amateurs, and Port and Harbour Masters. 
By COMMANDER S. MESSUM, R.N. 

" Eminently practical from beginuiug to end."— Engineer. 



In Medium 8vo. Handsome Cloth. Very fully Illustrated. 
THE PRINCIPL.es AND DESIGN OF 

REINFORCED CONCRETE. 

By RICHARD COULSON, F.S.I., Licentiate R.I.B.A., and 
RICHARD COULSON, Jun., Assoc. R.C.Sc.L 

LONDON: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRAND. 
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Third Edition, Thoroughly Revised and Enlarged, Pp, i-xvi + 227. 
With ^ Plates and 71 ouur Illustrations, Handsome Cloth, 251. net, 

HYDRAULIC POWER 

AND HYDRAULIC MACHINERY. 

By henry ROBINSON, M.Inst.C.E., F.G.S., 

rSLLOW OP king's COLLBGB, LONDON ; PIOV. BMBRITUS OF OVIL BNGINBXXING, 

kino's QQILLKSa^ BTC., BTC 

Contents —Discharge through Orifices.— Flow of Water through Pipes.— Accumulators. 
— Presses and Lifts.— Hoists.— Rams.— Hydraulic Engines.— Punming Engines.- Capstans. 
— Traversers. —Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching. 
Shearing, and Flanging Maoiines. — Cranes. — Coal Discharging Machines. — Drills and 
Cbtters. — Pile Drivers, Excavators, &c. — Hydraulic Machinery applied to Bridges, Dock 
■Gates, Wheels and Turbines. — Shields. —Vanoiu Installations — Meters.- Indbx. 



i« 



The standard work on the application ol water power."— Giiwrr'j MaganintM 



Second JSditum, OreaUy Bniarged, Pp. i-2iv + 336. WUh FrotUiepiece, 
12 PUUee, and 279 other lUmtratums, 21«. net, 

THE PRINCIPLES AND CONSTRUCTION OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Praotioal Xllngtrations of Enoinbs and Pumps applied to Miniko, 

TowK Wateb Supply, D&ainaob of Lands, &o., aLio Eoonomy 

and Efficienoy Trials of Pumping Machinery. 

By henry DAVEY, M.Inst.C.E., M.Inst.Mech.E., &c. 

OoMTiNTB —Early History of Pumpiiur EnfiiBeB— Steam Pumping Engines- 
Pomps and Pump Valves — General Principles of Non-Rotative Pumping 
Ifag^^w — ^The Comish Engine, Simple and Compound — Types of Biining 
Engines— Pit Work— Shaft Sinking— Hydraulic Transmission of Power in 
Bfines — Electric Tramanission of Power — Valve Gears of Pumping Engines 
— Water Pressure Pumping Engines — Water Works En^es — Pumping 
Engine Economy and Trials of Pumping Machinery— Centrifugal and other 
Low-lift Pumps— Hydraulic Rams, Pomping Mains, fta— Index. 

**By the *wof Bagliih Bngtiieer who probably knows more sboat Pomirfng Maohiaery 
than AST oTBsa.* ... A voluxb KBooBDna tbb sbsults or long bxpsbxsvos An> 
eroDT.**— 2^ gnginur. 



lu Medium 8vo. Cloth. With 345 Illaatratlous. I8s. net. 

MODERN PUMPING AND HYDRAULIC MACHINERY. 

By EDWARD BUTLER, M.I.Mbch.E. 

(Author of "Carburettors, Vaporisers, and Distributing Valves, Ac") 



LONDON : OHARLES eRIFFIN A CO.. LIMITED. EXETER STREETu STRANa 
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In Medium 8vo. With over 1000 Illustrations. Cloth. 258. net. 



CIVIL ENGINEERING PRACTICE^ 

Specially Arranged for the Use of Hunioipal and County Engineers. 

By F. NOEL TAYLOR, Civil Enoikbbr. 

CONTINTS.— Ordnance Mapa.— Chain Surveying.— Surveying with Angular lustru- 
menta—LevelUog.— Adjustment of lustnunenta.— MenauraUon of Areas, Volumes,, 
ifec— The Mechanics of Engineering, Ac— Beams.— Pillars, Stanchions and Shafting. 
—Design of Structure. -Arches.— Oraphic Statics.— Materials of Constractlon.— 
IBngineerlng Foundations.- Brickwork and Masonry.— Walls.— Constructional Car- 
pentering.— Boad Materials.— Boad Construction.— Beinforced Concrete Construction. 
—Masonry Bridges and Blver Work.— Hydraulics.— Land Drainage.- Pumping Machinery 
and 8tations.>-The Use of Water-Power.— Main Drainage.— Sewage DkposaL— Boyid* 
Commission on Sewage Disposal.— Salford Sewage Works.— Sanitation, House Drainage- 
and Disinfection.— Befuge Disposal.— Waterworks, Prelimiuaiy Considerations and- 
Sources of Supply.— Construction. Filtration and Purification.— Water-work8.—Dis- 
tributiou.— Chimneys, Brick and Steel.— Steel Construction; Stanchions, Bivets and 
Bolts.— Steel Construction; Beams and Girders.— Combined Structures in Iron and 
Steel.— Speciflcation.—BIectricTramways.— Appendix.— INDKX. 

" A veritable vade mwum . . . would prove an acquisition to the library of and> 
Municipal Engineer."— 5urre^or. 



In Medium 8vo. Fully lUostrated. Clotb. 12s. 6d. net. 

THE MAIN DRAINAGE OF TOWNS. 

By F. NOEL TAYLOR. Civil Engineer. 

OOHnms. — ^Mane, Plans, Sections, and Preliminary Considerations. — ^Prindplei of 
Hydraulics and Hyocostatics. — Calculations in reference to Design of Sewage Works. — 
Pnotioal Construction, Trenches, and Tunnels. — ^Forms of Sewers. — Ventilation of Seweit. 
— Manholes, Lampholes, Storm Overflows, etc. — Pumping Sewage. — House Drainage. — 
Sewage Dtopoeal from a Theoretical Standpoint — sewage Disposal Works. — Special 
Oonatmotions.— TaBlm.— IHDBX. 

"The Author may be congratulated on the production of a work that can safely l)e 
placed in the hands of students, and which will serve as a useful guide to the municipal 
engineer."- Timet. 

In Medium Svo. Handsome Cloth. With 116 Illustrations. 15e. net 

MODERN DESTRUCTOR PRACTICE. 

By W. FRANCIS GOODRICH, Assoc. Inst. C.E., 

F.I.San.Gngrs., Ac. 

GoilTBNTS. — Some Alternative Methods of Befuse DlsposaL— Bcpresentative Tynev 
of British DeetructoiB. — Systems of Charging Destructors. — Destructors combined with- 
Sewage Works. — With Electricity Works. — Befuse Destruction in U.K. — Site. — Speelfl- 
ealknis. — ^Design and Operation. — Operative Costa. — Besldnals. — ^Foreign and Oolonlal< 
Praotloe.— UfDiz. 

" Well illustrated and thoroughly up-to-date . . . should l)e in the hands of every 
engineer who is responsible for destructor design or maintenance."— <StfrtT|/or. 

MODERN METHODS OF SEWAGE PURIFICATION. G. B. Kershaw. 

\8tt pag€ 02. 

PRINCIPLES OF SEWAGE TREATMENT. Dunbab and Calvbbt. 

[Su page 62. 

PRACTICAL SANITATION. Reid and Manlsy. [ „ 64. 

SANITARY ENGINEERING. Fbancis Wood. [ „ 64. 

ONDON: CHARLES GRIFFIN « CO., LIMITED, EXETER STREET, STRAND.' 
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SiVBSTKKRTH EDITION. TboFoiighly Revised and Re-set Throughout, and Greatly 
Enlarged. Large 8vo. CIoUl Profosely IlloBtrated. Nearly 1000 Pages. 288. net. 

MARINE "n gTnYe RING: 

COMPRISING THB DESIGNING, OONSTRUCTION, AKD 
WORKING OP MARINE MACHINERY. 

By A. E. SEATON, M.I.C.E., M.I.Meeh.£., M.LN.A. 

CONTKMTS.— General Introduction.— Resistance of Ships and Indicated Uorae-power 
Necessary for Speed.— Marine Engines, their Types and Variations of Design.— Steam 
used Expansively.— Steam used after Expansion.— Turbines.— Efficiency of marine 
Engines.— Engines, Simple and Compound.— Horse-power: Nominal, Indicated, and 
Shaft or Brake.— General Design and the Influences which effect it.— The Cylinder and 
its Fittings.— The Piston, . Piston-Rod, Conuecting-Rod.— Shafting, Cranks and Crank- 
Shafts, *c —Foundations, Bedplates, Columns, Guides, and Framing.— Condensers.— 
Pumps.— Valves and Valve Gear.— Valve Diagrams.— Propellers.— Sea-Cocks and Valves. 
—Auxiliary Kachinery.— Boilers, Fuel, Ac. ; Evaporation.— Boilers ; Tank Boiler Design 
and Details.- Water-Tube Boilers.— Boilers ; Consti-uction and Detail.— Boiler Mount- 
ings and Fittings.— Fitting-in Machinery.— Starting and Reversing of Engines, Ac— 
weight and other Particulars of Machinery relatingthereto.— Effect of Weight, Inertia,, 
and Momentum; Balancing.— Materials used by the Marine Engineer.— Oil and Lubri- 
cants, Engine Friction.— Tests and Trials, their Objects and Methods. Appxhdicks.— 
The Diesel and other Oil Engines, also Lloyd's Rules relating ta— Valve Gear.— Cotterell's 
Method of Constructing Inertia Curves.— Spare Gear, and B.O.T. and other Rules.— 
Boilers : B.O.T., Lloyd's, Admiralty, Ac, Ac, Rules relating to.— Electric Light, Rules.— 
Safety Valves, Rules.— Testing Materials, Rules, Ac, Ac— Index. 

"A monumental work . . . up-to-date."— Jfartn« Engineer. 
"Reoognised as a standard authority, and calls for nothing in the way of aii 
introduction."- ifee/Ucniea/ Eftgineer. 



Tbnth EBinoxr, Thoroughly Rovifed. Pocket-Siie, LMth«r. 8s. 6d. 

A POOEBT-BOOK OP 

MARINE EMGIMEERING RULES iLMD TABLES, 

FOB TBI VBB OF 

Marble Englneen. Naval Arehiteets, Designers, Draughtsmen, 

Superintendents and Others. 

By a. B. SEATON, M.Inst.C.E., M.I.Mbch.E., M.I.N.A., and 

H. M. ROUNTHNVAITE, M.I.:dBCH.E., M.LN.A. 
" The best book of its kind, both up-to-date and reliable." -Af^ifMar. 

In Large 8vo. Handsome Cloth. With Frontispiece, 6 Plates, 
65 other Illustrations, and 60 Tables. 12b. 6d. net. 

And other Competlnfir Instruments for Marine Propulsion. 

By a. E. SEATON, M.Imst.C.E., M.LMbch.E., M.LN.A. 

" Ck>ntains all that is useful to know about the screw propeller. . . . Thoroughly 
np>to-date."— ^tMimMip. 



Second Edition, Revised and Enlarged. Pp. i-xv -f 425. 
With 377 Illustrations and 3 Folding Plates. i8s. nel. 

THE THEORY OF THE STEAM TURBINE. 

A Treatise on the Prinelples of Construction of the Steam Turbine, 
with Hlstorieal Notes on its Dovelopment. 

By ALEXANDER JUDE. 

"One of the latest text-books . . . also one of the best . . . there is abioiutely 
no padding."— -kStV IViUiam WkiU in the Times Engineering Supplement. 

LONDON r CHARLES 8RIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 



20 OajLRLBa QRIFFIN A 00.* 8 PUBLI0ATI0N8. 

GRIFFIN'S NEW GUIDE 

To the Board of Tra4e Examination for Marine Engrineers. 

By H. a. M<^MILLAN, B.Sc, Ex. Ist Class Enoihbib (B.O.T.), 
Head Engineering Muter of the Technical School, Bootle. 

Part I.— Complete in ItaelL Price 8a. 6d. net. 

CALCULATIONS FOR MARINE ENGINEERS. 

Including all the Arithmetic fop 1st and 2nd Class Engineer's Certifleate. 
"Admirable In every way."— -Yaufica/ Magazine. 

"A valuable asset to the student who is preparing for the B.O.T. Examinations."— 
Marine Engineer. 

Fart II. At Press 

ELEMENTARIES, VERBALS AND DRAWINGS. 

Including full information on the Use and Worldng of Slide Valves.— Indicator and 
Indicator-Cards.— Marine Steam Turbine.— Ship Electric Lighting. — Refrigerating 
Machinery. — Marine Oil Motors.— Oxy- Acetylene welding. 

Companion Volume in Preparation. 

GUIDE FOR THE BOARD OF TRADE EXAMINATION FOR 
EXTRA FIRST GLASS ENGINEERS. 



Seventh Edition, Revised. Large Crown 8vo. Pp. i-xi + 394. With 
5 Plates and 110 lUustrationB in Text. 6a. net. 

ENGINE-ROOM PRACTICE : 

A Handbook for Engineers and Officers in the Royal Navy and Mercantile 
Marine, including the Management of the Main and Auxiliary 

Engines on Board Ship. 

Ey JOHN G. LIVERSIDGE, Engr.-Oomme. E.N., A.M.I.C.E. 

"This TBRT USKFUL BOOK. . . . IliLUSTRATIONS are of GREAT IMPORTANCE in a 

work of this Idnd, and it Is satisfactory to find that special attention has been given 
\n this respect."— J?nj^tn««rs' Oazette, 



In Large Orcwn 8vo. Cloth. Pp. i-xxviii + 244. With 26 lUuHration$. «». net. 

SEA WATER DISTILLATION. 

By frank NORMANDY, of the Middle Temple, Barrister-at-Law. 

Contents.— Distilling Machinery.— Sea Water.— Steam.— Multiple Distillation.— llie 
'Evaporator.— The Distilling Condenser.— Pumping Machinery.— Useful Memoranda:— 
The Filter, Prevention of Corrosion and Decay of Metals, Removal of Scale, Cleaning, 
•Overhauling, ^.— Index. 

'* The analytical treatment of the problem is concise and comprehensive in its scope." 
— JforiiM Sngineer. 



Fourth Edition, Revised. Pocket-Size, Leather. Pp. i-xiii + 583. 

12s 6d 

BOILERS, MARINE AND LANDs 

THEIR CONSTRUCTION AND STRENGTH. 
A Handbook of Rulib, Forhuub, Tablbs, fto., bxlatiys to MATiKiAijak> 

SgANTUK06» and PRB88UBBS, SaTBTT VaLTIS, SPBINCtB, 
FiSTINOS AND MOUNTINOS, &a 

FOB THS use of BKGIMEERS, SURVEYORS, BOILER-MAKERS, 

AND STEAM USERS. 

By T. W. TRAILL, M.Inst.O.E., F.KRN.. 

Late Sngineer 8nrvejor-ln-Ohief to the Board of Trade. 

*' Contains an BHoaHODS Qua-HTItt or IffFoamvioa anranged ia a very omvMiteat form. . .. 
Ik MOST usif UL voLUMB . . . rapplylnf information to be had nowhwe else."— Ifta Bn/gimmr^ 



lONDON : CHARLES GRIFFIN « CO.. LIMITED, EXETEB STREET. STRAMQ 
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Thibd Edition, Revised. Pp. i-xv+356. With Frontispiece, 8 Plates 

and 218 lUostFations in the Text. 2l8. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Praotieal Text-Book for the Use of Engine Bailden. 

Desiffners and Dranghtsmen* Hallway 

Engineers, and Students. 

By WILLIAM FJIAJNK PETTIGREW, M.Inst.CE. 

(Miil<fU«. ~ Hitftorioal Introdnetion, 176S-186S. — Modern LooomotlTM: Simple.— 
•Modem Loeomotlvei: Oompoond. - Frimuy Coiieldenkaon in Looomotlve Design.— 

aUnden, Steam OheBta, and Stuffing Bozes.— Pietona, Pleton Bode. Oroeaheadi, and 
de Ban.— Oonnecting and Conpllng Boda— Wheels and Azlee, Axle Bozee, HomUoeki, 
and Bearing Springs. --Balancing.— Valve Qear.— Slide ValTSS and Valve Gear Details.— 
rnming, BDgies and Axle Tracks, Badlal Axle Boxes.— Boilers.— Smokeboz, Blast Pipe 
rireboz littmgs.— Boiler MoantingB.— Tenders. - Bailway Brakes.— Lubrication.— Gob- 
snmptton of Fuel, Evaporation and Engine Efficiency.— Bepairs, Banning, Inspection, 
and Benewala— Three Appendices -India. 

**TIm work ooBTAiSB ALL THAT OAif Bi LKABXT tmm a book apon such a saMeei It 
will at once rank as thb sTAxmAmD wosx opov this upOKrAMT bubjiot.**— ito<7i9a|P Jra^otiM. 



In Large 8vo. Pp. i-xxi + 189. With Frontispiece and 148 other 

Illustrations. Ss. 6d. net. 

LOCOMOTIVE COMPOUNDING AND 8UPERHEATINC 

By J. F. GAIRNS. 



In Large 8vo. Handsome Cloth. Pp. i-xi + 330. With 9 Plates, ids. 

AT HOME AND ABROAD. 

Br WILLIAM HENRY OOLE, M.Inst.O.B., 

Late Depotj-Mansger, North-Westem Ballway, India. 

**The whole sabieot is bxhaubtivblt and praoticallt oonsidered. The wortc can be 
eordlally recommenaed as oiDiBrKirsABLB to those whose duty it is to become acquainted 
with one of the prime necessities of the immediate fotara *'— iZatftfay OjUcial OatttU 

Third Edition, Revised and Enlarged. Large 8vo, Handsome Cloth. 

25s. net. 

Lubrication & Lubricants: 

A Treatise on the Theory and Practice of Lubrieation, and on tho 
Nature, Properties, and Testing of Lubricants. 

ABD 

B. M. DEELET, M.I.Mech.E . F.tS.S. 
Late Chief Loco. Super., Mid. By. Go. 

GoHTniTB.— I. Friction of Solids.— II. Llo^d Friction or Viscosity, and Plastic 
frtctloD.— HI. Snperilcial Tension.— IV. The Theory of Lubrication.— V. Labrioants, 
their Soarces, Preparation, and Properties.— VI. .Fhyaloal Properties and liethodB of 
bamlnatlon of Lubricants.— VII. Chemical Properties and Methods of Examination 
of Lubrtcants.- VIIL The Systematic Testing of Lubricants by PhTBlcal and Chemical 
Vethods.— IX. The Mechanical Testluff of Lubricants.— X. The Design and Lubrication 
of Bearings.- XI. The Lubrication of Machinery.- Indbx. 

'* A most valuable and comprehe isive treatise on a subject of tbe greatest importance 
to engineers." — Bngineering. 

flDNDON : CHARLES ORIFFIN A CO.. LIMITED. EXETER STREET. STRAND 



BT 

LEONARD ABCHBUTT, F.I.C., F.C.S., 
Chemist to the Mid. By. Co. 



22 CHARLMS QRIFFIN A CO/S FUBLWATIONS. 

In Crown 8vo, Handsome Cloth. Very Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.E.E. 
PART I.— THE PETROL CAR. 5s- °et 

Third Edition. Revised and Greatly Enlarged. Pp. i-xvi + 250. 

" Eminently suitable . . . the facts are crisply stated . . . up-to-date. "- 
Automobile ana Carriage BvUdertf Jotimal. 

PART II.-ELECTRICAL AND PETROL ELECTRICAL 

MOTOR CARS. 5s. net 

Pp. i-x -h 202. With 50 Illuatrationa, iocludjng Frontispiece and 
3 Plates, contains also 13 page Glossary. 
"Cleverly written . . . will be found of considerable value.— Proeetco/ fti^tneep 



Second Edition, Revised. In Large 8vo. Handsome Cloth. W ith 
Folding Tables and Other Illustrations. At Press, 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Dealgning, Conatmction, and Woriting of Petrol Motors. 

By P. STRICKLAND. 

**Tborouffhly pTmctlcAlandtcleutiflc. . . . We have pleasure in recommendlDg it to all.'" 
—Mtehamieiu JBnffi^uer. • , _ . 

In Medium 8vo. Handsome Cloth. Pp. i-xv -H 272. With 306 

Illustrations. 15s. net. 

OIL MOTORS. 

Theii Oeuetopment, Construction, and management 
By G. LIECKFELD. (Authorised English Edition). 

Ck>aTBNTS.— Liquid Fuels for Power Production.— Development of the Petrol and 
Paraffin Motors.— Working of the Later Paraffin and Petrol Engines.— Ignition Devices. 
-Examples of Slatiouary Petrol, Alcohol, Paraffin, and Crude OU Engines.— Antomobilet. 
—Ship Boat, and Air-ship Engines.— Vehicles, Ac, Driven by Internal Combustion 
Engines.— Erection and Attendance of Engines Driven with Liquid Fuel.— Correcting 
Irreaularitiet in Kunnlng. 

"One of the most comprehensive publications we have perused, and one that can be* 
thoroughly recommended."— Pefrofeum Review. 



In Medium 8vo. Handsome Cloth. Fully Illustrated. 7a 6d. net 

A TREATISE ON 

THE GAS TURBINE, 

Theory, Construction, and Working Results of Two Machines In Actual Use. 

By H.\NS HOLZWARTH. 

With Additional Teste for the English Edition. 

Translated by A. P. CHALKLEY, B.Sc., A.M.Inst-C.E., A.LE.E. 
** Should prove extremely valuable."- /roM»rton^<'r. 



In Demy 8vo. Handsome Cloth. Pp. i-xi + 176. With 

130 Illnstrations. 6s. net. 

CARBURETTORS, VAPORISERS, & VALVES, 

used in Internal Combustion Engines. 
By EDWARD BUTLER, M.I.Mf.ch.E. 

" Mr. Butler writes with au intimate practical knowledge of his subject, and the book 
one we have every pleasure in recommending."— JfeeAanioo^ Bnginur. 

iONDON: CHARLES GRIFFIN A CO.. IIMITEO. EXliTER STREET. STRANG 



MNOINMMBINO AND MB0MAN108. 2> 

Fifth Edition, Rerised and Enlarged. With additional Illttstrations. 

Large 8vo, Handsome Cloth. 35s. net 

A TBXT-BOOK ON 

QA8, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E.. M.Inst.Mbch.E. 

Revised throughout by T. Graves Smith. With important New Matter 

by Prof. BURSTALL. 
*' A very much up-to-date classic."— Dat'/y TeUffraph. 



In Handsome Cloth. Fully Illustrated Throughout. 128. 6d. net* 

Internal Gombnstidn Engines and Gas Producers. 

Bt C. W. ASKLINQ, M.E., and E. ROESLER, M.E. 

"Intenial combustion engineers will do well to add Uiis volume to their library or 
text-books."— Gm and Oil Porvtr, 



Second Edition. In La. Cro. 8vo. Cloth. With 55 Illustrations. 5s. net. 

SUCTION GAS PLANTS. 

Br P&OF. C. A. SMITH, of the East London Technical College. 

*' This book is one we can cordially recommend ss affording a complete knowledge oC 
the theoretical aspect of Suction Plauts.**— ^a« World, 



In Demy 8vo. Profusely Illustrated. 8s. 6d. net. 

EVOLUTION OF THE 

INTERNAL COMBUSTION ENGINE. 

By EDWARD BUTLER, M.LMbch.E. 

*'A11 who are interested in the practical working of combustion engines will find thls- 
Tolume interesting and worthy of a place on their bookshelf."— If ec^anieo/ Engineer. 



In Handsome Cloth. Pp. i-iv+262. With 9S Illustrations. 128. 6d. net, 

THE GAS TURBINE. 

Progress in Design and Construction. 

By henry HARRISON SUPLEE, B.Sc. 
'* Will be of considerable assistance to gas power engineers."— Gaw World. 



In Large Crown Svo. Handsome Cloth. 4s. 6d. net. 

THE THERMO-DYNAMIC PRINCIPLES OF 

ENGINE DESIGN. 

Br LIONEL M. HOBBS, 

flngiaeer-Lleiiteoani, B.N.; iDStmetorin Applied Meehanios and Marine Engine 
Desiim at the Boyal Naval College, Oreenwieh. 

Serves Its purpose admirably . . . well ap4(Hiate."— AMppiaa World. 
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In Crown 8yo, Cloth. Illnstrated with Diagrams. 3s. net. 

THE FORCE OF THE WIND. 

By HERBERT OHATLEY, B.Sa Eno. (Lond.), 

Profeasor of Civil Eugineering, Tong Shaii EDgineerliig College, N. China. 

CoNTKNTS. — Practioal Importance of Wind Pressure. — Impalsive 
Force of the Wind. — Variations in Velocity. — Stream Line Theory. — Stress 
in Structures due to Wind. — Windmills. — Train and Motor Resistance. — 
Effect of Wind on Water.— Sconrinsr Effect of Wind. — Index. 

"Could not well be more terae or pointed." — Syin(m*t Meteordlogieal Magazine, 



In Crown 8vo. Handsome Cloth. With 22 Diagrams. 3s. 6d. net. 

STRESSES IN MASONRY. 

By HERBERT CHATLEY, B.Sc. Eng. (Lond.). 

Contents. — Strength of Stone, — Walls. — Columns and Fiers. — 
Brackets and Cantilevers. — Simple Arches.— Vaults and Skew Arches. — 
Domes. — Retaining Walls and Dpmes, — Artificial Stone. — Re-inforced 
Concrete. — Index. 

"A moBtusefulald'tosunnouDtlng the difficulties^ which this subject presents."— 
Surveyor. 

In Handsome Cloth. With 11 Folding Tables, 120. M, net. 
EXPERIMENTAL INVESTIGATIONS ON THE POWER REQUIRED TO DRIVE 

Tbanslated from thk Gkuman of J. PUPPE. 

" The thoroughness with which the work is undertaken is exemplified in the Tables." 
— Ironmonger. 

Fifth Edition. Pp. ixii + 157. With 50 lUuslrations. Cloth, 4b, td. 

STEAM - BOILERS: 

TKUB DBniOTS, MAMAaSMBNT, AND OON8TBUOTION. 

By R D. MUNRO, 

Ckt^ Unginser of Hu Scottish Boiler Imurmnse and Engine Inspeotten ^ o mp e ny . 

" A valuable compeoion for workmen and engineers engaged about Steam Boilers, ought 
to be carefully studied, and always at hand."— C^I/. GitartUmH. 



By the SAMS Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Preyent their Occarrence. A Practical Handbook 
based on Actual Experiment. With Diagram and Coloured Plate. 3s. 



In Crown %V0y Cloth, Pp. i-xii+i8o. With i^'^ JUustraticns, 5^. net. 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Ppaetiee in General Tool Grinding, and the 
Design, ConstrueUon, and Applieation of the Machines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

'* Eminently practical . . . cannot fail to attract the notice of the users of this da&s of 
machineryp and to meet with careful perusal.*' — Cfum. Trade Journal. 

^m\m^ CHARLES QRIFFIN A UO., LIMITED, EXETER STREET. STRANA 
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Second Edition. In Crown Qnarto. Cloth. With 126 Figures, 88. 
Drawings , and sample Blue and White Prints, also Tracing. 7s. 6d. net. 

AN ELEMENTARY TEXT-BOOK ON 

MECHANICAL DRAWING. 

By JOHN E. JAGGER, M.Sc.(Vio)., Whit. Sch. 

*' An admirable book ... all the iiiformatiou it contains is of a thoroaglily 
practical kind, and the numerous engravings accompanying the text cannot be praised 
too highly."— iff^t'neer. ^ 

Sixth Edition, Thoroughly Revised and Greatly Enlarged. Pp. i-x +29K 
With 12 Plates and 262 other Illustrations. Price 98. net. 

VALVES AND VALVE -GEARING 8 

A Praotioal Text-book for the use of Engineers, Draughtsmen, and Students. 

Br CHARLES HURST, Practical Dbai^ohtsmak. 

Part ni.-rAlr Compressor Valves and« 

Gearing. 
Part IV.— Pump Valves. 
Fart v.— Safety and Relief Valves. 

" Hb. Hvbst's valtss and v4£V>-oiAaino will prove a very valuable aid, and tend to tbr 
prodaotionorBnginMofsciuraiFio DBBiaif and MQHOMiOALWomxiiio. . . . Will be largel} 
•ooffht after by Students and DeeifnierB.''— Mariif« JBnginter. 

" As a pmciical treaiise on tbe subject, the book stands without a rival**- MtchanicaP 
World. _ 

Hints on •team Enfllne Deslsrn and Oonatniotlon. By Chablrs 
HuBST, ** Author of Valves and Valve Gearing." Second Edition, 
Revised. In Paper Boards, 8vo., Cloth Back. Pp. i-yi + 62. With 
32 Illustrations. Price Is. 6d. net. 

OoMTitNTB.— I. Steam Pipes.— IL VaWee.— HI. Cylinders. —IV. Air Pumps and Con- 
densers. -V. Motion Work.— VI. Crank BhAfta and Pedestals.— VIL Valvt Qmr.— VI^I. 
Lubrication.— I^. Miscellaneous Details — Thduc. 



Part I.— Steam Engine Valves. 
Part II.— Gas Engine Valves and 
Gears. 



'* A handy volume which every praotioal young engineer should pos s esa.'*—- OTfcs Modt^ 
Kngineer. 



FiFi'H Edition. In Two Parts, Published Separately. 

A TEXT-BOOK OF 

Engioeering Drawing and Design. 

By SIDNEY H. WELLS, Wh.Sc, A.M.I.C.E., A.M.LMech.E. 

Vol. I. — Praotioal Gkombtbt, Plank, and Solid. 

Pp. i-xi+149. With 101 Illustrations, and an Appendix 
of 43 pages with 70 Illustrations. 4s. 6d. 

Vol. IL— Machine and Engine Dbawing and Dbsion. 

Pp. i-xi + 321. With over 200 Illustrations. 48. 6d. 

*' A OAMtAi 9M^s-Boox» SRaoged on an azoiiiUifT STSTiKi ealoujated io give an intelllient 
■nsp of the suhjeot, and not the mere faoulty of meohanioal oopilng. . . . Mr. Wells shows 
Mfw to make ooHPun wobkiso-deawiiim, dtoeuwing ftilly caeh step in the desvn."— JltslHaaK 
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Second Editiok, Enlarged. In Grown 8vo. Cloth. Pp. i-xiii+463. 

With 212 Illiutrations. 6t. net. 

PRACTICAL CALCULATIONS FOR ENGINEERS. 

Bt CHARLES E. LARARD, 

▲.ILDntaB.. M.LMeoh.B.. Wh.Bxh., 
Hetd or the Mechanical Bngineerlng Department at the Northampton Inetltvte, liOndMi, K.C. 

And H. a. GOLD I NO, A.M.LMech.K 

** BzactlT what It should he In ordnr to make It lueAil to etndenta and practltlonen of 
^nftneerins. —Jfanekeieer QmiiYi to*. 

In Crown 8vo. Cloth. lUuBtrated. 28. 6d. net. 

Calculations on the Entropy-Temperatnre Chart. 

Bt W. J. CRAWFORD, D.Sc. 

" Entropy and its contingent problenu cannot very well be gripped in a shorter 
Tflpace or with more lucid argument than this writer employs.'*— Gm ana Oil Power. 

Second Edition. In Crown 8to. Cloth. Pp. xiii + 302. 
With 126 lUnstrations. Ss. net. 

MECHANICAL ENGINEERING 

Bt R. 8. M'LAREN. 

"The best of Its kind we have seen, and snould oe in the hands of every apprentice." 
— SUamship. . 

Sixth Edition. Folio, strongly half-bonnd. 12s. 6d. net. 

XRAVERSS: rr JEL B I^ JE2 S : 

Computed to Four Plaeet of Deeimals for every Minute of Angle 

up to 100 of Dlitanee. 

For the Use of Surveyors and Engineers. 
By RICHARD LLOYD GURDEN. 

Late Surveyor for the Governments of New South Wales and Victoria. 

- V ^^iuJUd with ike Camatrrmce ^ Hu Smv^t^rs-Gtrntrml f$r Sew S^miA 

JV^Oit tmd ViOoHa, 
'Those who baTe e am erieace in «act SuKVBV-woaK will best know bow to apfwedatc 



the eawinoas amount 01 labour wprescated by this vatnable book. Every Surveyor in 
.active pnclioe has fdt Ae want of soda assistance fbw kmowiko op tnbik (the TaUes) 

•rUBUCATION WILL XnCAIli WITHOOT TMBM."— ^afMMyr. 



Strongly Bound in Super Royal 8vo. Cloth Boards. 78. dd. net. 



^op Calculating Wages on the Bonas or Premium Systems. 

For Engineering, Teohnioa/ and Allied Tmdee, 

By henry a. GOLDINO, A.M.I.Mech.E., 

** Cannot fail to prove practically serviceable to those for whom they have been 
- designed. "—SooUman, 



By H. a. GOLDING. A.M.I. Mech.R, A.M.T.A.E. 

"For Steam, Gas, and Oil Engines. Complete with Explanatory 
Pamphlet. In Box. 6e. net. 

,For Petrol Motors. Complete with Explanatory Pamphlet In 

Envelope. 6d. net. 
DetaiUd Proepedut on Aj^ioatioti, 
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SECOND Edition, Hivined. In Ormon 8vo, extra^ with Diagram$ 

€md Foiding-Plau. 7b. 6d. net. 

THE CALCULUS FOR ENGINEERe 

AND PHYSICISTS, 

INTBa&ATION AND DIFFEBENTIATION, 

With Applications to Technieal Problems; 

AKD 

OLASSIFIXD BBFEBBNOB UST OF INTEGBAIiS. 

Bt prop. ROBERT H. SMITH, A.M.Ik8T.0.E., M.LMboh.B., &c. 

** Interesttng dlagnaaat with pnietical illastnUIoni of actval oeenrreDM, ur« to be found her* 
tn abandance. Tbi tbkt oomplbtb clamipibd ewbuucb tabu will ptowt ray iumAiI tai 
«BTlBff tbo UflM of tboM wbo want an integral in a Inury.'*— 1%« Kngkmt. 



In 4to, Board*, 7«. 9d. 

MEASUREMENT CONVERSIONS 

(Bnslish and French) :. 
48 GRAPHIC TABLES OB DIA0BAM8, ON 28 PLATES. 

Showing at a gUnoe the Mutual Ck>NYXB8ioiT of MxAsuBUiaim 

in DnrRBBNT Units 

Of Lflngttii, Areas, Yolnmss, Welghts» Stresses, Densities, Qoaatltlea 
of Work, Horse Powers, Temperatures, Sbo, 

For tAf VM of Englnoon, Surooyon, AroklUoU, and Contraatoro 
Br PROF. ROBERT H. SMITH, A.M.Ik8T.C.B., M.I.Mich.E., fto. 

Third Edition. Pocket Slxe, Leather Limp, with Gilt Edgea and Bounded ComerB, 
printed on Special Thin Paper, with IllnBtrationB, pp. i-ni + 8M. Price IBs. net 

THE MECHANICAL ENGINEER'S REFERENCE BOOK. 

Bt HENRT HARBISON SUPLEE, B.Sc., M.B. 

*' We feel bom It will b« of great terrioe to mechanical engineert.*— Xn^mmHi^. 
In Otown 8to. HandBome Cloth. Profoaely niuattated. 2b. 0d. net. 

ELEMENTARY GRAPHIC STATICS. 

By W. J. CRAWFORD, D.Sc., 
Leotuer in Mechanical Engineering, The If unioipa] Technical Inatltate, Belftat. 

Abudobd Cortkhts. — Introdoctton.— fiome Baally Petfonned Bzperimenti to 
llhiBtiate the Simple Laws of Oraphlc StatlcB. — MlBWiHaneooB Bsampka. — ^Parallel 
Foroea and Moments of Foroea. — ^The Fnnicnlar or Link Polygon. — Solntfon of Frame- 
woiks having External Loads.— The Force of Orayity.— The Use of Graphic Statics to 
And Bending Moments and Shearing Forces. — Some MisceUaneons Practical Problems. — 
Apfbrdix. 

Witli Diagrams. Crown Svo. Cloth, 41. 6d. 

THE STUDENT'S MECHANICS: 

An Introdaetion to the Stady of Foree and Motion. 
By WALTER R. BROWNE, M.A., M.Inst.C.E. 



" Clear in style and practical in OMthod, 'Ths Studwti^b Mbcmamics' is oordiaUy 
recOBUBsnded from all pointt oTview.**— i4/Affn«M». 

By thb Sahb Author. 

FOUNDATIONS OF MEOHANICS 

Papers reprinted from tlie Enginar* In Crown Svo, li. 

T . ■ ■ .. .. . ■ ■ 
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F0rm*rfy Pr^tuor of ElecMcal Rnginttrmgi Tkt Glat. and IV. ofScot, Tock, CM, 



PB0FEB80B JAMIESON'S ADVANCED TEXT-BOOKa 

In Lmrgi Crotm 8m. Flufy lUusirattd. 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations. With over 800 pp., over 400 Illustrations, 12 Plates* 
many B. of £., C. and G., Questions and Answers, and all Inst. C.E. 
Exams, on Theory of Heat Engines, Srventbbnth Edition,. 
Revised. los. 6d. 
" Tile Bbst Book yvt poblish«d for the use of Studvats."— ^>v<wvr. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

In Five Volumes. Large Crown Svo. Including All the Inst, C,E, 
Exams, in Section A, (i) Mechanics; (2) Strength and Elasticity 
of Materials ; (3a) Theory of Structures ; Section B (Group ii.)^ 
Hydraulics ; Theory of Machines. Also B. of £. ; C. and G. Questions. 

Vol. I.— Applied Hechanles. Ninth Edit. Pp. i-xviii+400. 6s. 
II.— Strength of Materials. Eighth Edit. Pp. i-xviii+314. 53. 
III. - Theory of Structures. Eighth Edit. Pp. i-xviii + 260. ss- 
IV.— Hydraulics. Eighth Edition. Pp. i-xviii + 324. 5s. 
v.— Theory of Machines. Seventh Edit. Pp. l-xx + 502. 78. 6d. 
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In Five trotumts, each c&m^Utt in irsttf and $»ld stparaUly, 



PBOFESSOB JAMIESON'S INTBODUCTOBT MANUALF. 

Crmm Stv. With lUustraH^m and Examinatim Paptrs, 

HEAT ENGINES : STEAM, GAS AND OIL (Elementary 

Manual oO. For First- Year Students, forming an Introduction to the 
Author's larger Work. Thirteenth Edition, Revised and Enlarged. 

3/6 . . 

" Should be in the hands of bvbsy engmeenng apprendca.'* — PrmcUcal Rnghutr 

MAGNETISM AND ELECTBICITT (Praetlcal Elementary 

Manual oQ. For First- Year Students. With Stud Inst. C. E. and B. of £. 
Exam. Questions. Eighth Edition, Revised and Enlarged. 3/6. 
'* A THOROUGHLY TSUSTWoaTHV Text-book. Practical and x^tax.—Naiur; 

APPLIED MECHANICS (Elementary Manual of). 

For First- Year Students. With B. of E., C. and G. ; and Stud. Inst. C.E. 
Questions. Ninth Edition, Revised and Greatly Enlarged. 3/6. 

" The work has vbrt high QUALrnst, which auiy be conoonimd into the one woid 
CLRAR.' **— Scienct mmd Art. 

A POCKET-BOOK of ELECTBICAL BULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamisson. Pocket Six?. Leather, Ss. 6d. Nineteenth 
Edition. [See p. 31. 
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WORKS BT ¥. J. MiCQUORN RAHKINE, LL.D., F.R.S. 

Thopouffhly Revised by W. J. MILLAR, C.B. 



A MANUAL OF APPLIED MECHANICS : Comprising the 

Principles of Statics and Cinematics, and Theory of Struct ares^ 
Mechanism, and Machines. With Numerous Diagrams. Crown 8vo» 
Cloth. EiOHTBBNTH Bditton. 128. 6d. 



A MANUAL OF CIVIL ENGINEERING : ComprisiDg Eogin- 

eering Surveys, Earthwork, Foundations, Masonry, CWpentry, Metal 
Work, Roads, fiailways, Canals, Rivers, Waterworks, Harbours, &o. 
With Numerous Tables and Illustrations. Crown 8vo, Cloth. 

TWENTY-FOUKTH EdITTON. I6s. 



A MANUAL OF MACHINERY AND MILL WORK : Com- 

prising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. With nearly 300 Illnstrations. Crown 
8vo, Cloth. Sbtsnth Edition. 12s. 6d. 



MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Gas, Oil, and AiB 
Ekgimbs, by Bbtak Donkin, M.Inst. C.E. With Folding Plates 
and Numerous Illustrations. Crown 8vo, Cloth. Skvrntbbmtb 
Edition. 12s. 6d. 



USEFUL RULES AND TABLES : For Architects, Builders, 
Engineers, Founders, Mechanics, Shipbuilders, Surveyors, ko. With 
Appbndix for the use of Elbotrioal Enginebbs. By Professor 
Jamibson, M.Inst. C.K, M.LE.E. Eighth Edition. lOs. 6d. 



A MECHANICAL TEXT -BOOK: A Practical and Simple 
Introduction to the Study of Mechanics. By Professor Rankinb 
and E. F. Bambeb, C.E. With Numerous Illustrations. Crown 
8vo, Cloth. FiJTH Edition. 0s. 

%* Tlu " Mfwf AwnnAT. Tbzt-Book" wu dmgntd bf ProfMsor Bavkivb m dM laT«r» 
suonoir to ih» abon BirUi cf MtmuaU. 
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ELECTRICAL ENGINEERING. 

Srcond Edition, Revised. In Large 8vo. CIoth« Pp. i-xvi + 496. 
With 145 lUastrations, including 7 Plates. 248. net. 

CENTRAL ELECTRICAL STATIONS: 

Thelp DMilKti* OP49rB.iilsatlon, and Manatfement, 

4W CIIAS. H, WORDINGIIAM, A.K.C.,M.Inst.C.E., M.Inst.Mech.E., 
Late Memb. of Council InsLE.E., and Electrical Enjnneer to the City of Msnchetter : 

Klectrical Engineer-in -Chief to the AdmiraJty. 

"One of the most valuable contkibutions to Central Station literature we have had 
for some time."— EUctticity. 



Id Medium 8vo. Pp. i-xx + 313. With 366 Figures and 23 Tables. 

25s. net. 

ELECTRIC CRANE CONSTRUCTION. 

By CLAUDE W. HILL, A.M.Inst.C.E. M.LE.E., &c. 

CoNTBNTS.— Overhead Cranes. — L<>c4>motive and Portable Jib Crones. — Derrick 
Cranes. —Transporters. — Slieer Leps. — Kevolving Cantilever Cranes. — Cablewaya. — 
Power required for Crane Driving.- Starting Torque and Acceleration. — Design of Crane 
Structures. — Design of Machinery. — Brakes. — T(K>thed Gearing. — Hooks, Lifting 
Magnets, Ropes and Cranes.— Design of Magnets.— Motors, Controllers and Collectors. 
—Crane Installations.— Indkx. 

"The whole work is straightforward, and may be recommended as bebig written 
from a thoroughly engineering point of \iev ."— Electrical Engineering. 



[j\Tge Svo Cloth. Pp. i-x + 333 and 307 Illustrations. I6s. net. 

ELECTRICITY METERS. 

By HENRY G. SOLOMON, A.M.Inst.E.E. 

" An earnest and sncceBSfal attempt to deal comprehenMvely with modoi n methods of 
tneasnring current or power in electrical ijiaUxUa.tiouB."— Engineering. 



In Large Svo. Handsome Cloth. Fully Illustrated. 2 Is. net. 

By HERMANN BOHLE, M.I.E.E., 

Prof, of Electrotechnics, S.A. College, Cape Town, 

AifD Prokess.r DAVID ROBERTSON, B.Sc, A.I.E.E., of Bristol. 

Contents.— General Principles.— Magnetising and No-Load Currents.— Losses In 
Transformers.— Iron Losses.— Copper Losses. -Temperature Rise.— Magnetic Leakage.— 
Leakage Inductance.— Vector Diagrams for Transformers.— Systematic Testing of Trana- 
formers. -Insulating Materials.- Examples of Construction.- Design of TransiormerB.— 
Applications of Transformers.— It egiilating and Phase-Changing Transformers.— -INDBX. 

"This very complete treatise ... a model of what technical publications 
ahould be." — Nature. 



In Large Svo. Pp. i-x + 116. With 79 Illustrations. Ss. 6<L net. 

WIRELESS TELEGRAPHY. 

By GUSTAVE ETCHHORN, Ph.D. 

" Well written . . . and c )m bines with a good deal of deBcription a careful 
investigation of the fundamental theoretical phenomena."— if aftere. 
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In Large Crown 8vo. Cloth. Pp. i-xvi+268. With 222 Illustrations. 

58. net. 

TELEGRAPHIC SYSTEMS, 

AND OTHER NOTES. 

A Handbook of the Principles on which Telegraphic Practice is Baaed 
By ARTHUR CROTCH, of the Engineer-in-Chief's Department, G.P.O. 

CONTSNTS.— Batteries, Primary and Secondary. — UnlTenal Battery Working. 
Qlez Telegraphy.— Duplex and Quadrnplex Telegraphy. — Automatic Telegraphy. 
Multiplex Telegraphy.— The Hughes Type Printing Instrument. >-Tlie Baudot System.— 



Duplex Telegraphy.— Duplex and Quadrnplex Telegraphy. — Autoinatlc Telegraphy.— 

ultlplex Telegraphy.— The Hughes Type Pi" 
The Murray Type Printing Telegraph.— Test and Battery Boxes.— Circuit Concentration, 



(ftc. — Repeaters.- Submarine Telegraphy. — Wireless Telegraphy.— I Ndfjc. — LIST OF 

DIAORAM8 OF CONNBOIIONS. 

" This book is a particularly good one . . . we can thoroughly recommend it . . . 
a handy book of re%dy reference."— J?2eetriedU Review. 

"The treatise will be of much help to the telegraph engineer, and to the student 
4n his preparatory training and it can be thoroughly recommended. '—Electrician. 



Nineteenth Edition. Leather, Pocket Size, with 810 pages. 8s. 6d. 

A POCKET-BOOK OF 

ELECTRICAL RULES & TABLES 

^S THE USE OF BLSCTRICIANS AND ENGINBSRS. 

By JOHN MUNRO, C.E., & Peof. JAMIESON, M.Inst.C.E., F.R.S.F. 

** WoNDBRPULLY Pkrfbct. . . . Worthy of the highest commendatioa we can 
<jve It." —E^tcMcioH, 

^BIFFIN'S EliEOTKIOAL PRICE-BOOK: For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c. Edited by IL J. Dowsing. Second Edition. 8s. 6d. 



In Large Crown Svo. Handsome Cloth. 15s. net. 

ELECTRICAL THEORY 

AND THE 

PROBLEM OF THE UNIVERSE. 

By G. W. DE TUNZELMANN, B.Sc, London, 

Member of the Institute of Electrical Engineers ; formerly Professor of Natural 
Philosophy and Astronomy, H.M.S. •' Britannia," Dartmouth. 

GOHTKNTS. ~ Fundamental Electrical Phenomena. — Units and Measurement. — 
Meaning and Possibility of a Mechanical Theory of Electricity.— The Ether.— The Ether 
as a Framewf)rk of Beference for Motion.— The Belations between Ether and Moving 
Matter.— Electric Conduction in Gases.— The Faraday-Maxwell Theory.— The Electron 
Theory.— Magnetism and the Dissipation of Energy.— Contract Electrification and 
Electrolysis.— Metallic Conduction.— Optical Phenomena.— The ^fechanism of Radiation. 
—General Phenomena of Radio Activity.— Transmutations of Radio-Active Substances. 
— Affes of the Sun and Earth.— The Solar Carona, The Aurora, and Comets' Tails.— 
Radlo-Activity in Stars and Nebuln.— Arrangement and Number of Atoms in a Mole- 
cule. —Changes in. the Aspect of Fundamental Mechanical Principals. — Gravitation 
and Cohesion.— The Place of Mind in the Universe.— Mathematical and other Appen- 
dices.— Index. 

"One of the most valuable contributions to electrical literature the year has 
produced . " — Timet. 

lOHOOM: a«ABLC8 RRIFFIH * CO.. IIMITED. EXETER STREET. STRAND. 
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In Large 8vo. Handsome Cloth. Fully Illustrated. 10s. 6d. net. 

ELECTRICAL PHOTOMETRY 
AND ILLUMINATION. 

By Prof. HERMANN BOHLE, M.LE.E.. 

Professor of Electrotechnics, 8. A. College, Cape Town. 

Contents.— Photometric Uuito and Standards.— Radiation and its Effects. -Photo- 
metric Apparatus.— light Flux and Distribution.— Testing of Electric Lamps.— The 
Design of Shades and Keflecturs. -Illuminating Engineering.— Indsx. 

*'A very important feature of the pi-esent treatise is the large number of practical 
teats, many of them of a highly original character." — Timrtt. 

Third Edition. In Handsome Cloth. Revised, PInlarged, and 
Re-written. Pp. i-xv + 425. Fully Illustrated. 128. 8d. net. 

a TREATISE ON 

ELECTRO-METALLURGY: 

Embracing the Application of Electrolysis to the Plating, Depositing, 

Smelting, and Refining of various Metals, 

and to the Reproduction of Printing Surfaces and Art- Work, &c. 

Bv W. G. MCMILLAN, F.I.C., and VV. R. COOPER, M.A., B.Scv 

(See also page 53.) 



Second Edition. Thoroughly Revised and Enlarged. In Large 8vo. 
With Numerous Illustrations and Three Folding Plates. 21b. net. 

ELECTRIC SMELTING & REFINING: 

Being the ** Elektro-Metallurgie" of Dr. W. BORCHERS. Trans- 
lated from the German by WALTER G. MCMILLAN, F.I.C., F.C.8. 

(See also page 53.) 



Third Edition. In Crown 8vo. Handsome Cloth. With 30 New- 
Illustrations. 7s. 6d. net. 

Electrical Practice In Collieries. 

By Prof. D. BURNS, M.E., M.Inst.M.E., 

Professor of Mining and Geology to the Glasgow and West of Scotland Technical 

College. 

Units of Measurement, Conductors, &c. — The Theory of the Dynamo. — 
The Dynamo: Details of Construction and Working. —Motors. — Lighting 
Installations in Collieries. — Pumping by Electricity. — Electrical Haulage. 
— Coal Gutting. —Miscellaneous Applications of Electricity in Mines. — 
Coal Mines Regulation Act (Electricity). — Index. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



NA VAL AROHITECTURB AND AERONA UTICS. 33 

In Large 8vo. HandBome Cloth. Profasely Illnatrated. In Two 
Volumes, Each Complete in itself, and Sold Sepabatblt. 

THE DESIGN AND CONSTRUCTION OF SHIPS. 

By JOHN flARVARD BILES, M.Ihst.N.A,, 

Proresaor of Naval Arcbtteetare In Glasgow University. 

Volume I. -CALCULATIONS AND STRENGTH. With 36 Folding 
Plates, and 245 other Illustrations. Pp. i-viii + 423. Complete 
with Index. 25s. net. 

CONTKNTS.— Part I.— Areas, Volumes, and Centres of Gravity. Pary II.— Ship 
Calculations. Part III.— Strength of Ships. 

"No teacher of naval architecture nor scientifically- equipped student of the same 
subject can afford to be without it ... A work with up-to-date information which 
will doubtless remain the standard for many years."- Times' Eiigineeriiig Supplement. 

Volume IL-STABILITY, RESISTANCE, PROPULSION, AND 
OSCILLATIONS OF SHIPS. With 4 Folding Plates and 316 other 
Illustrations. Pp. i-x + 430. Complete with Index. 25s.net. 

Contents.— Part IV.— stability. Part v.— Resistance. Part. VI.— Propulsion. 
Part VII.— OsciHations of Ships. 

" This able treatise is one which no one engaged in ship-designing can afiord to be 
without. "—i>hiplniilder. 

Royal 6uo. Handsome Cloth. With numerous llluatratlons and Tables. 26a. 

THE STABILITY OF SHIPS. 

By Sir EDWARD J. REED, K.C.B., F.R.S., M.P., 

" Sir Sdward Rkbd's ' Stabiutt or Ships ' is invaldablb. The Natax. Aschitbct 
win find brongfat together and ready to his hand, a mass of infonnation which lie would othar- 
wtM hav« to seek in an almost enoless variety of pubUcations, and some of whidi he woald 
ipossibly noc be able to obtain at all elsewhere."— A/raiMrfA(>. 



AERONAUTiCAL ENGINEERING. 

Second Edition, Revised. In Large 8vo. Cloth. With many 

Illustrations. lOi. 6d. net. 

THE PROBLEM OP PLIGHT. 

A TEXT-BOOK OF AERIAL ENGINEERINO. 

By HERBERT CHATLKY, B.So.(Eng.), London, 

Professor of Oivil Engineering. Tong Shan Engineering College, N. China. 

OovTKRTS.— The Problem of Flight — The Helix.— The Aeroplane. — The Aviplane.— 
Dirigible Balloons.— Form and Fittings of the Airship.— Appbndiobs (STAs PotsiUtUv 0/ 
'FUghtf Weight, A Flexible Wing, J heorp cf Balance, Bib'iografAy).—ljifuzx. 

** An epitome of the knowledge available on the subject."— Scotsman. 



In Handsome Cloth. Illustrated. Pocket Size. 2s. 6d. net. 

A COMPENDIUM OF AVIATION AND AEROSTATION, 

Saloons, DIrlflrlbles and Flying: Maohlnea 

By LIEUT. -COL. H. HOERNES. 

Translated and Supplemented with Facts of Interest to English readers— ».«., 
•details regarding British Dirigibles, Aeroplanes, Flying Grounds, dtc— with an Intro- 
duction and Biographical Sketch of the Author by J. H. Lbdbboer, Editor of 
Aeronautics. 

UNDON : CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET, STRAND, 
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WOBKS BY THOMAS WALTON, 

NAVAL ARGHITBCT. 



Fourth Edition. Pp. i-xvi + 332. With 18 Plates and 237 other 
Illustrations, including 59 Folding Diagrams. 18s. net. 

STEEL SHIPS! 

THEIB CONSTBUCTION AND MAINTBNANCB. 

A Manual for Shipbuilders, Ship Superintendents, Students, 

and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 



AUTHOR OP *' KNOW YOUR OWN SHIP. 



CoNiKNTS.— I, Manufacture of Oast Iron, Wrought Iron, and SteeL— Com- 

gosltion of Iron and Steel, Quality, Strength, Teets, &c. 11. Classification o# 
teel Ships. III. Considerations in making choice of Type of Vessel. — Framui^ 
of Ships. IV. Strains experienced by Ships.— Methods of Computing ana 
Comparing Strengths of Ships. V. Construction of Ships.— Alternative Mode» 
of Construction.— Types of Vesseb.— Turret, Self Trimming, and Trunk 
Steamers, Ac. — Rivets and Rivetting, Workmanship. VI. Pumping Axrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 
Ships.— Cement, Paint, &c.— Indkx. 
*' So thorough and well written is ever 



thorough and well written is everr chapter in tbe book that It b didBonlt to select 
r or them as being worthy of ezoeptional pra so. Altogether, the work ia excellent, and 
1 prove of great value to those for whom it la intended."— TA^ Engineer. 



Cn ( loin. Pp. i.-xii. + 224. With 9 Plates and 163 other Illustrations^ 
including 40 Folding Diagrams. 7s. 6d. net. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships* Officers, and Engineers, 
By THOS. WALTON. 

General Contents.— Classification. —Materials used in Shipbuilding.— 
Alternative Modes of Construction. — Details of Construction. — Frammg,. 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arranffements, Loading and Discharging Gear, &o. — Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c. —Index. 

"Simple language . . . clear and easily followed illostratlons." — 7tfiM» 
Engineering SiippUinent. 
" We heartily recommend it to all who have to do with ships."— 5teatn«At>. 

Twelfth Edition. In Crown 8vo. Cloth. Pp. i-xvi + 363. With 
142 Illustrations, including 2 Folding Diagrams. 7s 6d. 

The Chapters on Tonnage and Freeboapd have been bpought thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulations on 
these subjects. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners 

Superintendents, Draughtsmen, Engineers, and Others, 

Contents. — Displacement and Deadweight. — Momenta. — Buoyancy. — Strain. — 
Structure. — Stability.— Rolliug. — Ballasting. — Loading.— Shifting Cargoes.— Bifect of 
Admission o( Water into Ship.— Trim Tonnage.— Freeboard (Load-line).— Calculations.— 
Set of Calcalatioiis from Actual Drawings.— Index. 

" The work is of the highest ralue, and all who go down to the sea la ships should make them- 
celres acquainted with \i7' -Shipping World (on the new edition). 

LONDON: CHARLES GRIFFIN (ft CO., LIMITED. EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Fifth Edition, Thorouyldy Revised, Pp, i-xvi + S^S, With 
Frontispiece, S4. Plates {3 Coloured), and 63 lllvstra/tion% 
in the Text and new Cliaptei' on Clouds, Price 68, 



ELEMENTARY SEAMANSHIP. 

BT 

D. WILSON-BARKER, Mastkb Marinbb; F.K.S.K, F.K.Q.S.,Ao.,fto. 

TOnvaiB BROTHB& OF TBI T&IllITT HOUSI. 

QtWBntSLkh CSoHTBsrTS.— The Building of a Ship; Parts of Hull, Masta» 
fta— Hopes, Knot^ Splioiiig, &c. — Gear, Lead and Log, ko, — RuxiDg^ 
Aaohora — flailmaking — The Sails, &a — Handling of Boats under Sai] — 
SiflpuJs and Signalling— Bule of the Road— Keeping and Relieving Watch— 
Points of Etiquette— Glossary of Sea Terms and Phrases— Lidex. 

» This ADMUUBLS MASUAu by Oaft. Wilboh-Babues of the ' Woroester/ teeou to as- 
rBaiBon.T dbbi«vsd, and holds Its plaoe exoellenti; In * QRivFni'B Nautioal Ssxisa.* . . . 
AlthOQgh intended for thoee who are to become Offloen of the Merohaot Navy, it will be. 
fonnd useful by all Jk!aaaataa.''^Aihmmmi, 



Second Edition, Remt^ed. Pp, i-oni-hl56. With 61 
Illustrations. Price 3s. 6d, 

ISTAVIGATIOIN: 



By DAVID WILSON-BARKER, R.N.R, F.R.S.E., Ac., Ao.^ 

AND 

WILLIAM ALLINGHAM, 

riBSS-OLASS H0V0UB8, RAViaAZEOR, BSJOBfm AND ABT DIPARTKUra. 

THIttb numetottd 5llu0tration0 and J6xamination (ftueettond. 

GiNKBAL C0NTBNT8.— Definitions— Latitude and Longitude— Instruments 
of Navigation— Correction of Courses— Plane Sailing— Traverse Sailing— Day's 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator*s Chart— 
Mercator Sailing — Current SaUinff — Position by Bearings— Great Circle Sailfaig 
-The Tides— Questions — Appendix : Compass Error — Numerous Useful Hmts*. 
kz. — Index. 

** A oAPiTAL UTTLS BOOK . . . ■peolally adapted to the New Kxamlnatloni. The 
Anthon are Oaft. Wilsoh-Babxss (Oaptain-Saperlntendent of the Naotloal Oollege, H.M.& 
' WoroeBter,' who has had great ezperlenoe In the htohest problems of Navigation), snA 
Ma. ALLixfOHAii, a well-known writer on the Sdenoe of Navigatton and Naatleal Astrenomy.** 
—Skipping World. ^^ 

Handsome Oloth, Pp, i-zvi + J8$, With 10 Plates and 34 other 

Iliuslrations. Price 7$, 6d, 

MARINE METEOROLOGY^ 

FOB OFFICEBS OF THE MERCHANT HAVT. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With numerous Places, Maps, Diagrams, and Illustrations, and a facsimile 

Reproduction of a Page from an actual Meteorological Log- Book. 

'* Quite the but publication, ah'd certainly the mobt iRTBasBTivo, on this anbjeet erer- 
preiented to N»nttca1 vaKa,"— Shipping Oatetu. 

LONDON : CHARLES GRIFFIN A CO., LIMITED. EXETER STREET, STRAND. 
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QRIFFIirS WAXmCAL SERIES. 

Third Bditiom, Rsyisrd. Pp. i-xii + 175. With 54 IllnstratioDs. 

Price 3a. 6d. 

PRACTICAL MECHANICS! 

Applied to the BequiremeiLts of the Sailor. 

By THOS. MACKENZIE, Master Marmer, F.R.A.S. ' 

GsHXRAL GoNTDrTB.— Resolution and Gompoeition of Forces— Work done 

Sr Maohines and Living Agents— The Mechanical Powers: The Lever; 
erricks as Bent Levers— The Wheel and Axle : Windlass ; Ship's Capstan ; 
Crab Winch— Tackles : the "Old Man*'— The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Hope : 



" Will wobth the money . . . will be found ■xobkdinoly hxlffuu"- 
BMppknQ Wcrld, 

" No Ships* OmoiBS' bookoasi will henceforth be complete without 
Captain Mackxnzis's * Pbaotical Mbchanios.' Notwithstanding my many 
Tears' experience at sea, it has told me Itow much more there it to acquire,"-^ 
{Letter to the Publishers from a Master Mariner). 



WORKS BY RICHARD C. BUCK, 

Of the Thames Naotical Trftining College, H.M.S. 'Worcester.* 

Fourth Edition, Revised and Corrected. Pp. i-NHii + HS. 
With 38 Illustrations. Price 38. 6d. 

A MANUAL OF TRIGONOMETRY : 

With Diagrams, Examples, and Exercises. 

*«* Mr. Buck's Text-Book has been spboiallt pbbpabsd with a view 
to the Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

**ThiB ■MnrXHTLT PKAoncAL and bxuablb yoLum."— 5eAoo/ma««r 



Sbgond Edition, Revised. Pp. i-viii + 158. Price Ss. 6d. 

A MANUAL OF ALGEBRA. 

Designed to meet the Requirements of Sailors and others, 

*** These elementary works on aiabbba and TaioovoicBTBY are written specially for 
those who will have little opportunity of oonsalting a Teacher. They are books for " sbli- 
nup." All but the simplest explanations have, therefore, been avoided, and ahswbbs to 
fb» Exercises are givea Any person may readily, by careful stadv. become master of their 
oontentSf and thus lay the foundation for a further mathematical course, if desired. It la 
hoped that to the younger Officers of our Mercantile Marine they will be found decidedly 
««rvleeable The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the " Worcester." 

"Olearly arranged, and well got up. . . . A*flrst-rate Elementary Algebra. '*— 
Jhmiieal Meigagint. 

LONDON : CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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QBIFFIN'S NAUTICAL SERIES. 

SscoND Edition, Revised. With Diftgrama. Price 2s. 

LATITUDE AND LONGITUDE : How to Find ta. 

By W. J. MILLAR, C.E., 

L€A€ SiertUuy to the Jn$L of Engimntrt and ShipbuUden in Soothmd, 

** CoHOisiLT and clkably writtsn . . . cannot bnt proye an aoquultioD 
to those studying Nayigation." — Marine Engineer. 

" Tonng Seamen will find it handt and uskful, simplb and QiMksJ*—TKt 
Etgimeer, 

Third Edition, Revised. In Crown 8vo. Pp. i-xv+268. Price Ss. 

THE LEGAL DUTIES OF SHIPMASTERS. 

By benedict WM. GINSBURG, M.A., LL.D. (Oahtar), 

Of the Inner Temple and Northern Ctrcait; BarrUter-at*Law. 

General Contents.— Qualiflcation for Poiitlon of Shipmaiter.— Contract with Ship- 
owner.— Duty in reapect of the Crew : Engagement ; Apprentice! ; Dlsolpline ; Pro- 
yiiiont, Accommodation, and Medical Gomforta ; Payment of Wages and Dlaoharge.— 
Paaaengers.— Financial Reeponaibilities.— Cargo.— Caanalty.— Duty to certain Public 
Authorities. —Pilots, Signals, Flags, and Light Dues.— ArriYal at the Port of Discharge. 
—Appendices on Legal Matters : B.O.T. Certificates, Dietary Scales, Stowage of Grain 
Cargoes, Load Line SegnlaMons, Life-saving Appliances, Carriage of Cattle.— Index. 

" No intelligent Master should fisU to add this to his list of neeessary books. A few lines 

)f It msy SATB A LAWTBB'S VBI, BISIDBS UTDLBSS WOKST.'*— ZtWrpOOf Jownol Of OOtntntTft. 



FIRST AID AT SEA. 



Fourth Edition, Revised. Pp. i-xviii + 349. With 82 Illustrations and 
the atest Regulations on the Carriage of Medical Stores. 5s. net. 

A MEDICAL AND SURGICAL HELP 

For Shipmasters and Officers in the Merchant Navy. 

By WM. JOHNSON SMITH, P.RO.S., 

Late Principal Medical Ofllcer, Seamen's Hospital, Greenwich. 

Revised by Arnold Chaplain, M.D., F.R.C.P., Medical Inspector to 

the^Peninsular and Oriental Steam Navigation Company. 

*•* The attention of all interested In our Merchant Navy Is requested to this eoceeedingly 
asefnl and valuable work. It is needleSb to say that it is the ontoome of many years 
PBiOTiOAL BZPBRxmcs amonffst Seamen. 

" S()on>, junidoDs, bballt hblpful.'*— TA« Lanea. 



Twelfth Edition, Revised and Enlarged. Price 7s. 6d. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

SfMoially arranged to suit the requirements of Ships' Officers ^ Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others, 

For Contents and further particulars of this work, and other works 

by the same author, see p. 34. 

^MM , i„ „ - -* 

lONOON : CHARLES GRIFFIh A CO., LIMITED, EXETER STREET, STRAND 
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OTHER WORKS OF INTEREST TO SAILORS. 



In Crown 8vo. Cloth. Fnlly lUustrated. 2s. 6d. net. 

NOTES ON THE PRACTICAL DUTIES OF 

SHIPMASTERS. 

Bt CAPT. W. HAERY WILKES, Lieut. R.N.R., <fec 

"We should like to commend this volume to the attention of all Officers 
Command . . . a compact and concise mass of information.''— >^tpj;itt(7 fTorfd. 



In Pocket Size. With 368 Pages. 3s. 6d. net. 

ENGLISH-SPANISH AND SPANISH-ENGLISH 
SEA TERMS AND PHRASES. 

By Flert-Paymaster GRAHAM-HEWLETT. 

"Host complete . . . usefiil . . we can heartily recommend it."— SteamsAip. 



In Crown Svo. Uandsome Cloth. Many Diagrauis. 28. 6d. net. 

DEFINITIONS IN NAVIGATION & NAUTICAL 

ASTRONOMY. 

By P GROVES-SHOWELL, 

Head of the Naylgation IXepartment, L.C.C. School. Poplar. 

Contents.— Definitions.— General.— Navigation .^Nautical Astronomy. — 
Time. — Miscellaneous. —Notes. Measurements. — Mariner's Compass. — 
Chronometer. — Azimuth Compass.— Pelorus. — Sextant — Vernier.— Arti- 
ficial Horizon.- Sounding Machine.— Log.— Station Pointer.— Barometer. — 
Thermometer.— Hygrometer.— Hydrometer. ]fi8cellaiieouB.~Star Nomen- 
clature-Greek Alphabet.- Planetary Symhols.— Weights and Measures. — 
Areas. — Volumes. —Useful Notes. — Index. 

"Mr. Grores-Showell writes with a full knowledge of his subjeet. and with admirable- 
clearness. *^—Sfcipbti«der. 



Attention is also drawn to the foUowing:— 
HYDROGRAPHIC SURVEYING. By Commander S. 

Mbssum, R.N. [See patje 16. 

THEODOLITE SURVEYING. By Professor James Park. 

[See page 4K 

THE FORCE OF THE WIND. By Hebbkkt Chatley, B.Sc. 

[See page 24i. 

THE EARTH'S ATMOSPHERE. By Dr. T. L. Phipson. 

[See j'Oge 46. 

WIRELESS TELEGRAPHY. By Gustave Eichiiokn, Ph.D. 

[See paue 30. 
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SIB CLEMENT LE NEVE FOSTER, D.Se., F.R.S. 

Sixth Edition. With Frontispiece and 712 Illustrations. Price 28s. net. 

ORE & STONE MINING. 

By Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

LATE PftOPBSSOK OF MINING. ROYAL COIXBGB OP SCIBNCB. 

Revised, and brought up-to-date 
By Prof. S. H. COX, Assoc. R.S.M., 

PROFESSOR OF MINIVG. ROYAl, COl.LF.r.H OF SCII'NCF. 

GENERAL CONTENTS. 

IMTRODUCTION. Mode of OecurFenee of Minerals.— Prospeetlns.— Boring. 
— Breaking Ground.— Supporting BxeavaUons.— Exploitation.— Haulaffe or 
Transport.— Hoisting or winding. — Dralnaffe. — Ventilation. — Lighting. — 
Descent and Ascent.— Dressing— Prineiples orsmployment of Mining Labour* 
—Legislation affeeting Mines and Quarries. — Condition of the Miner.— 
Aeeidents.— Index 

"We have seldom had the pleasure to review a work ao thorough and complete a» 
the present one. Both in manner and in matter it Is far scpbriob to antthimo ok 

nS 8PIOIAL StTBJBOT HITHXBTO PUBLISHED IN "RlXOLAVD/'—Atherueum. 

" Not only is this work the acknowledged text-book on metal mining in Great Britain 
aad the Colonies, but that it is so regarded in the United States of America is evidenced 
bj the fact that it is the book on that subject recommended to the students in most of 
the mining schools of that countTj."—Ths Times. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. 
With nearly 300 Illustrations. Price 7s. 6d. net. 

THE ELEMENTS OF MINING AND QUARRYING. 

An Introductory Text-Book for Mining Students. 
By Sir C. LE NEVE FOSTER, D.Sc, F.RS., 

Late Profeseor of Mining at the Royal College of Science. 

Revised by Prof. S. H. Cox, A.R.S.M., &c. 

Qbnsral Contents. — Introduction. — Occurrence of Minerals. — Pro- 
8pectinG^ — Boring. — Breaking Ground. — Supporting Excavations. — Exploita- 
tion. — Haulage or Transport. — Hoisting or Wmdin;*.— Drainage. — Ventilation. 
—Lighting. — Descent and Ascent— Dressing, &c. — Index. 

** A remarkably clear survey of the whole field of mining operational— JVn^itiMr. 

" Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise as- 
this book deserves. . . . The profession generally have every reason to be grateful to- 
Sir C. Le Neve Voeter for having enriched educational literature with so admirable an 
elementary Text-book."— Jftnt^v Journal. 



In Crown 8vo. Handsome Cloth. Illustrated. 5s. net. 
IMIErrHODB OF JLIR ANAUYBIS. 

By J. S. HALDANE, M.D., LL.D., F.R.S., 

Reader in Physiology and Fellow of New Collie, Oxford. 

An Account of Methods of A!r Analysis suitable for work in Physiology^ 
Hygiene, Investigations of Mine Air, Flue Gases, Exhaust Gases fW>m 
Engines, &c. __ 

In Crown 8vo» Handsome Cloth. Illnstrate<l. ' 

TKE: JS.XR OF SSINES. 

By JOHN CADMAN, D.Sc., Prof, of Mining, University of Birmingham,. 
And J. S. HALDANE, M.D., LL.D., F.fe.S. 

lONDON : CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRAND- 
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WORKS ON COAL»MINING. 

Fifth Edition, Revised and Greatly Enlarged. With 4 Plates and 

690 Illustrations. Price 248. net. 

A TEXT-BOOK OF COAL-MINING : 

fOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENQAQED IN COAL-MININQ. 

By HERBERT WILLIAM HUGHES, F.G.S., 

Anoe. Bojral School ofMinet, General Manager of Sand well Park Oollierj. 

Gknbbal Contknts. — Geology.— Search for Ck>aL— Breaking Ground- 
Sinking. —Preliminary Operations. — Methods of Working. — Haulage.— 
Winding. — Pumping. —Ventilation . — Ligh ti ng. —Works at Surface. — JPre- 
paration of Coal tor Market.— Indbx. 

" Qoite TBI BUT BOOK oF ita kind ... as practical In aim as a book can be . . . The 
UlnetraUone are KLcmhunt."—Alhena%m, 

" We cordially recommend the work."— Cotti«ry Gwxrdian. 

" Will loon come to be regarded as the sta^dart) work of Its kind." Birmingkaiu Daily OcmtlU. 



Fifth Edition, Thoroughly Revised and Greatly Enlarged. Re-set 
throughout. I^rge Crown 8vo. Handsome Cloth. 

PRACTICAL COAL-MINING! 

^ MANUAL FOR MANAGERS, UNDER-MANAGBBS, 
OOLLIERY ENGINIBBRS, AND OTHJBRS. 

With Worktd-out Problems on Haulage^ Pumping, Ventilation^ Ac. 

By GEORGE L, KERR, M.B., M.Inst.M.E. 

Contents.— The Sources aud Nature of Coal.— The Search for CoaL— 
Sinking.— Explosives.— Mechanical Wedges.— Rock Drills and Coal-cuttinc 
Machines. — Coal-cuttinfl; by Machinery.— Transmission of Power. — Modes or 
Working.— Timbers.— Roadways. —Winding Coal.— Haulage.- Pumping;. — 
Ventilation.— Safety Lamps.— Surface Arrangements, Surveying, Levelling, 
<&c. 

"An BB8BNTIALLT PRACTICAL WORK, and Can be. confidently recommended. No department 
of Ooal-Mlnlng has been overlooked."— iMir<Ne8r<' ChMXttu, 



Third Edition, Revised. In Crown 8vo. Handsome Cloth. 3s. 6d. 

ELEMENTARY COAL-MINING; 

FOR THE USE OP STUDENTS, MINERS, AND OTHERS 
PREPARING FOR EXAMINATIONS. 

By GEORGE L. KERR, M.E., M.In8T.M.E. 

CoNTBNTB.— Sources and Nature of Coal.— Exploration and Boring for 
Coal.— Breaking Ground.— Explosives, Blasting, ac— Sinking and Fitting 
of Shafts. — Modes of Working. — Timbering « Road ways. — Winding and 
Drawing.— Haulage.— Pumping and Drainage.— Ventilation.— Cleaning and 
Sorting Coal. — Surveying, «c. 

" An abandanoe of information conveyed In a iM>palar and attractive fonn. . . . Will be 
of great nse to all who are in any way interested In coal mining.''— SooUuik Orilic. 

lONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. 8TRi^Ji» 
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Thirteenth Edition, Revised. With Numerous Diagrams. 

Clotb. 6s. net. 

A TREATISE ON MINE-SURVEYING 

For the uae of Managon of Mine9 and CoiUerieOt Studento 
at the Royal Sohoot of Mines, do. 

By BENNETT H. BROUGH, Assoc.R.S.M., F.G.S. 



" Its CLBARNBSS of STYLS, LUCIDITY ot DBSCRIPTION. and FULNESS of DBTAIL have ioiur ago 
for it a place uni<iue la the Uteratore of this branch of ndnlne enpneertng^, and the present edltioo (tally 
maiotaias the high standard of its predecessors. To the student, and to the mining engineer alike, ITS 
VALUR it inestimable. The iDustratkxu are excellent."— TJU MiKtm: ycumal. 



In Handsome Cloth. Fully Illustrated, os. net. 

THE EFFECTS OF 

ERRORS IN SURVEYING. 

By henry BRIGGS, M.Sc. 

"Likely to lie of the highest service to surveyors . . . It is a most able 
treatise."— £«i7inefr. 

Second Ediiton. In Crown 8vo. Handsome Cloth. Fully Illustrated. 

78. 6d. net. 

A HANDBOOK ON 

THEODOLITE SDRYETIN6 AND LEYELLIM6. 

For the uae of Students in Land and Mine Surveying. 
By Professor JAMES PARK, F.G.S. 

"A book which should prove ss useful to the professioual surveyor as to th» 
student. "—Ha^ire. 



Second Edition, Revised. Crown 8vo. Handsome Cloth. Illustrated. 

68. net. 

MINING GEOLOGY. 

A TEXT-BGOE FOR MININa STUDENTS AND MINERS. 
By prof. JAMES PARK, F.G.S., M.InstM.M., 

Professor of Mining and Director of the Otago University School of Mines ; late Director 
Thsmss School of Mines, and Geological Surreror and Mining Geologist to the 

Govemment or New Zealand 

Gknibal Contehts.— Introduction. -Claasiflcation of Mineral Deposits.— Ore Veins, 
their Filling. Age, and Structure.— The Dynamics uf Lodes and Beds.— Ore Deposits 
Genetically Considered— Ores and Minerals Considered Economically.— Mine Sampling 
and Ore Valuatiou.— The Examination and Valuation of Mines.— Ikdbx. 

" A work which should find a place in the library of every miuiiig engineer." — 
Minino World. 



In Medium 8vo. Handsome Cloth. Fully Illustrated. 

A TEXT-BOOK OF 

o E o L o a- -y. 

Arranged to Cover the VHiole Geological Course in Mining 

Schools and CoUeges. 

By Prof. JAMES PARK, F.G.S., M.Inst.M.M., 

Author of "The Cyanide Process of Gold Extraction," "Mining Geology," and 
"Theodolite Surveying." 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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WORKS FOR FINANCIERS AND STUDENTS. 



Just Pobi^jshed. In Medium 8vo. Fally Illustrated. Pp. i-xi + 160. 

lUs. Cil. net. 

MODERN MINE VALUATION. 

By M. HOWARD BURNHAM, B.Sc, M.A.I.M.E., 
Late H.M. Inspector of Mines for the Transvaal. 

Contents. —Pi-eliminary Considerations.— Block Calculations.— Bases of Sound Valua- 
tion.— Sampling.— Explanation of Slnkinit Knnd Tahle(XXlI).—Api»KM>ix.— Index. 



In Crown 8vo, Handsome Cloth. Ss. 6d. net. 

MINING LAW OF THE BRITISH EMPIRE. 

By CHARLES J. ALFORD, F.G.S., M.In8t.M.M. 

CoNTENT8.—Tbe Principles of Mining Law.— The Mining Law of (Jreat 
Britain. — British India. — Ceylon.— Burma. — The Malay Peninsula — British 
North Borneo.— Egypt. —-Cyprus. — The Dominion of Canada. — British 
•Guiana.— The Grold Coast Colony and Ashanti. — Cape of Good Hope,— 
Natal. — Orange River Colon v. — Transvaal Colony. — Rhodesia. — The 
'Commonwealth of Australia.— New Zealand, &c.— InDbx. 

" Cannot fail to be useful . . . we cordially recommend the book."— Jf»nui{r H^orM. 



Seventh Edition. In Large 8t>o. Price 10». 6d, 

MINE ACCOUNTS AND MINING BOOK-KEEPING. 

For Students, Hanagrers, Secretaries, and others. 

With Examples taken from Actual Practice of Leading Companiee, 

Bv JAMES GUNSON LAWN, A.R.S.M., A.M.Inat.C.E., F.G.S., 

Head of the Mining Department, Camborne School of Mines. 

Edited by Sir C. LE NEVE FOSTER, D.Sc., F.R.S. 
" It seems ikpossibls to suRRest how Mr. Lawv's book ooold be mads more oomplbtb or 
>more taluablb, carefbl, and ezhsuBtiTe.**— ^ccoecniawto* MagaMint. 



Third Edition. In Pocket Size, Strongly Bound in Leather, 3s. 6d. 
Provided with Detachable Blank Pages for MS. 

THE MINING ENGINEERS' REPORT BOOK 

AND DIRECTORS' AND SHAREHOLDERS' GUIDE TO MININC REPORTS. 

By EDWIN R. FIELD. M.Inst.M.M. 

With Notes on the Valuation of Property, and Tabulating Reports, 

Useful Tables, and Examples of Calculations, &c. 

"An ADMIRABLY compiled book which Mrolng Engineers and Managpi-i will find 
«XTR«1CVLT xjBKFUh."— Mining Journal. 



In Crown Svo. Handsome Cloth. Illustrated. 10s. Cd. net. 

A DICTIONARY OF 

SPANISH-ENGLISH AND SPANISH-AMERICAN MINING, 

METALLURGICAL, AND ALLIED TERMS. 

To which some Portuguese and Portuguese- American {Brazilian) Terms are added. 

By EDWARD HALSE, A.R.S.M., 
Mom. Inst. Bling. and Metall., of the Eng. lugt. of Ming, and Mctall. Engrs.. A-c, &c 
*' Will be foand of the greatest service to the mining profesBioD."— Afmifi(ir Journal, 

LONDON: CHARLES GRIFFIN A CO., LIMITED. EXETEB STREET, STRANDi 
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WORKS ON PROSPE CTING, SINKIN G, EXPLOSiyES, &e. 

In Pocket Size. Strongly Bound in Morocco Leather. 6s. net. 

THE MINERALOGY OF THE RARER METALS. 

A HANDBOOK FOR PROSPECTORS. 

BY AND 

EDWARD CAHEN, WILLIAM ORD WOOTTON, 

A.E.C.E., F.I.C. A.R.C.S , B.Sc. (Loiul.) 

With Foreword by F. W. HAKBORD, A.R.S.M., F.I.C. 

" This convenient and carefully prepared manual supplies a want that has long 
been U\t"—Xature. 

In Medium 8vo, Handsome Cloth. With 18 Figures in the Text, 
and 19 Folding Plates. lOs. 6d. net. 

SHAFT-SINKING IN DIFFICOLT CASES. 

Bv J. RIEMER, 
Translated by J. W. BROUGH, A.M.Inst.C.E 

Contents. — Shaft Sinking by Hand. — Shaft Sinking by Boring. - The 
Freezing Method. — The Sinking Drum Process. -BiBLiocrRAFHY.--lNDBX. 

"The translator deserves the thanks of the mining commanity for placing this 
valuable work before them. . . . The work is one which every mining engineer 
should include in his library."— Htntru^ World. 

Sboond Edition, Revised In Largo 8vo, with Numerous Illustrations 

and Folding Plates. 10s. 6d. 

BLASTING : AND THE USE OF EXPLOSIYES. 

By OS0A.R GUTTMANN, M.Inst.O.E., F.I.C, F.C.S. 

" Should prove a XMuU-nucnm to Mining EngiDcers and all engaged in practical work." 
-^irem ami Coal Tradts Rtvirw. 



In Medium 8vo, Cloth. With n any Illustrations in the Text. 
Four Full Page Plates and Four I'olding Tables. 68. net. 

NEW METHODS OF 

TESTING EXPLOSIVES. 

By 0. E. BICHEL. 
Translatbd and Edited bt ALEX. LARSEN, M.Inst.C.E. 

Contents. — Introductory. — Historical. — Testing Stations. — Power 

Gauges. — Products of Combustion. — Rate of Detonation. — Length and 

Duration of Flame. — After- Flame Ratio. — Transmission of Explosion. — 

Conclusions. — EfiBciency. ^ 

"Its pages bristle with suggestions and actual experimental results to an extent 
seldom found in a volume of Ave times its size."— ^niw and ExpUtHvet. 



Third Edition. In Crown Svo. Handsome Gioth. With 30 New 

lUtuircUiona. 7a. Qd. net. 

ELECTRICAL PRACTICE IN COLLIERIES. 

By Prof. D. BURNS, M.E., M.In8T.M.E., 

Professor of Mining and Oeology to the Glasgow and West of Scotland Technical College. 
"A clear and concise introduction to electrical practice in coilieries."— Jftm'np 

(See also page 32.) 

CONDON: CHARLES fiRIFFIN A CO.. LIMITED. EXETER STREET. STRAND 
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Sboonp Edition, Revisetl Throughout, In Medium Svo, With 
Numerous FlateSf Maps, and lUxutrations. 2U. ntt. 

CYANIDING GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process ; its Application* 
Methods of Working, Design and Construction of 

Plant, and Costs. 

By H. FORBES JULIAN, 

Mining and HeUUargical Enerine«r : SpecialiBt In Gold ; Lat« Technical Adviser of the 
Dentache Gold und Silber Schelde Anstalt, Fnnkfort-on-MAlne. 

And EDGAR SMART, A.M.I.O.E,, 

GiTil and MeUllarirical Bnginoer. 
*' A haudsome Yolume of iOO pages which will be a valuable book of reference for all 
anociated with the process. "—Jfimn^ JoxinuU. 



In Large Crown 8vo. With 13 Plates and many Illustrations in the Text, 

HandsoTne Cloth, 7«. 6d, net, 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Uleta/furgiate and Students at 

Sohoola of Mines, duo. 

By JAMES PARK, F.G.S., M.Inst. M.M., 

Profeaeor of Mliiins and Director of the Otago Uniyersity School of Mines ; late DIrectot 

Thames School of Mines, and Oeologloal Surveyor and Mining Oeologlat 

to the Government of New Zealand. 

FouBTd English Edition. Thoroughly Revised and Greatly Enlarged 
With additional details concerning the Siemens-Halske and othei 
recent processes. 
" Deserves to be ranked as amongst the bbst of kxistino trbatibv."— J/inifv «/<nH*na/ . 



Third Edition, Revised. With Plates and lUustrcUions, Clothe 3a, 6d. 

GETTING GOLDS 

A GOL.D-HININO HANDBOOK FOR PRACTIOALi MKN. 

By J. 0. F. JOHNSON, F.G.S., A.I.M.E., 

Life Member Australasian Mine-Managers' Assoolatlon. 
" FaAonoAL from beginning to end . . . deals tiboronghly with the Prospecting, 
Sinking, Crushing, and Extraction of gold."— i9r»(. AustrdUuian. 



In Crown %vo. Illustrated, Fancy Cloth Boards, 4«. 6cf. 

GOLD SEEKING IN SOUTH AFRICA 

A Handbook of Hints for intending Explorers, Prospectom. 

and Settlers. 

By THEO KASSNER, 

Mine Manager. Author of the Geological Sketch Map of the De Kaap Gold Fields. 

With a Chapter on the Agricultural Proapeota of South Africa, 

** As fascinating as anything ever penned by Jules Verne."— 4/Hean OomnMrec 



In Crown Svo. Handsome Cloth. 3s. net. 
A BIBLIOGRAPHY OF THE 

MINERAL WEALTH AND GEOLOGY OF CHINA. 

By C. Y. WANG, M. A. , B. So. , M. Am. Inat. Min. Eng. , M. Iron & Steel Inst. 

UDNDON : CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET, STRANP 
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lu Mediuui 8vo. Handsome Cloth. Wilh about 160 Illastrations. 

The Sampling & Assay of the Precious iMetais : 

0#flipiMng QM, Mhrtr and PItitasa, in Orat, BiIUm aatf ProtMli. 

By ERNEST A. SMITH, A.R.S.M., M.In8T.M.M., 
Deputy Assay Master of the Hbeffleld Assay Office ;*Late of the Royal School of Mines. 

CoNTBNTS.— Introduction —Design and Eciuipment of Assay Offices.— Furnaces and 
Aj;>pUance8.— Precious Metal Ores.— valuation of Ores.— Sampling of Ores.— Preparation 
of Samples for Assay.— Fluxes and Principles of Fluxing.— Assay Operations— (a) Boast- 
ing ; {h) Fusion ; (c) Scorlflcation ; (d) Gupellatton.— Systems of Working.— Assay of Gold 
and Silver Ores.— Of Complex Ores.— Calculating and Keporting llesttltB.— Special 
Methfxis of Ore Assay.— Bullion.— Valuation of Bullion.- Sampling of bullion.— Assay 
of Gold, Silver, and Base Bullion.— Of Auriferous and Argentiferous Products.— Assfvy 
Work in Cyanide Mill —Platinum and the "Platinum Metals."— Assay of Platinum 
in Ores, Bullion and Products.- Appendices.— Index. 



GRIFFIN'S "NEW LAND" SERIES. 

PrtnoticcU Hand-Books for the Use of Frospectara, ExploTer$, 

SeUlers, Cdoniets^ and all ItUerested in the opening 

up and Development of New Lands, 

Edited by GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 

Professor of Geology in the Soyal College of Science for Ireland, and Kxaminer Id 

Uie University of London. 



In Oroum 800. Handsome Gloth. 5a, 
With NunM»oHe Mapa SpeciaUy Drawn and Bxecuted /or thi$ Work, 

NEW LANDS: 

THBIB BESOUBCES AND FBOSPECTITB 

ADVANTAQES. 

By HUGH ROBERT MILL, D.Sc, LL.D., F.RS.E.. 

'^A want admirably supplied. . . . Has the advantage of being written by a pro- 
•ssed Q eographer. '* -^OeogrmpMeal Jowmal, 



With many Engravings and Photographs. Handsome Cloth, 4s. 0d. 

Bt ROBERT BRUOE, 

Afrienltual Baporintendent to the Sojal Dublin Soeieiv. 

With Appendix on Preserved Foods by C. A. Mitchill, B.A., F.LO. 

" The work Is one which will appeal to those intendlog to become fannen at home 
or In the Colonies, and who desire to obtain a general Idea of the true principles of 
farming in ALL its BRANOHn."— J^oumat <tf the Royal CoUmxal In$t. 



Sixth Edition. With lUiutrationa, Handaome Cloth^ 6a, 

PROSPECTING FOR MINERALS. 

4 PraQtical Handbook for Proapeotora, Explorers, Settlers, and all 
Interested in the Opening up and Development of New Lands, 

By S. HERBERT COX, Aa8oc.R.8.M., M.In8t.M.M., F.G.S., 

Professor of Mining at the BojaX School of Mines. 
" 'lllls ADMIRABLB LITTLB WORK . . . written With SGIBNTinO AOOTTRAOT in i 

OLBAR and, LuoiD Style. ... An important addition to technical literators . . 
— if tniny JoumaL 

LONDON: CHARLES GRIFFIN & CO, LIMITED, EXETER STREET, STRAND. 
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Demy 6vo, Handsome eloth, 34^ 

Stratigrapbicjii Geology & Pakontology; 

OJi THE BASIS OF PHILLIPS. 
By ROBERT ETH BRIDGE, F. R-S., 

or THS KATURAL HBT. DBPARTUBNT. BRITISH MUSBUM. LATB PALEONTOLOGIST TO THS 
(»OLOGICAL 8URVRV OP GRBAT BRITAIN, PAST PR8SIDBMT OP THR 

GROLOGICAL SOaBTV, BTC 

Tmitb Aap, Hutneroud TTabledt anb Q:bfrtI^>0ix plates. 

** , . . Must Ukc HIGH RANK AMONG WOKKS OF RKPERRNCB."— ^/A«ur*»f. 



In Grown 8vo. Fally Illustrated. Cloth. lOs. Gd. net. 

Br LIEUT. -COL. SORSBIE, R.E. 

GONTKNTS.— Dyuunical snd Structural Geology.— Bocks and Minerals.— Historical 
Oeologj.— Geological Obaervation.— Practical Geology.— Coast Brosion.— Ihdxx. 

"Should be in the possession of every engineer."— Jftntia^ World. 



Sixth Edition, Thoroujfhly Revised. With Illustrations. Cloth. los. 6d. 

AIDS IN 

PRACTICAL GEOLOGY: 

WITH A sacrroN on paleontology. 
By professor GRENVILLE COLE, M.R.I.A., F.G.S 

GENERAL^ GONTBNTa — 

Part I.— Samplinsr of Earth's Crust. I Part IIL— Examination of Rocks. 
Part II.— Examination of Klnerals. I Part IV.— Examination of Fossils. 

'* That tlM iroric deserves iu title, that it i^ lull of ' Aids/ and in the higliest degre« 
* PRACTICAL,' will be the verdict of all who use {L^—Naturt. 



OPEN-AIR STUDIES IN GEOLOGY. By Prof. G. COLE. [See p. 73- 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 



s OBssraaxs ilx«^x> byok^uvxokt. 

By ALBERT T. SWAINE. 

CONTBMTS.— The Earth's Beginning.- Our Planet— Sedimentary Cycles.— The Meta- 
morphic Itocks.— Igneous Dlffereutiation.— The Organic Roolcs.— Organic Cycles.— The 
Foundations of the Earth.- The Pre-Cambrian Seas.— The Primary Earth.- The Carboni- 
ferous Epoch.— The Coal Measures. — The Permian Transition. — Cause of Climatic 
Contrasts —Cause of Glacial Episode.- The Jurasiiic Seas.— The Cretaceous Oceans.— 
The Outlined Coutineuu.— The Tertiary Continents.— The Tertiary Monntains.— llie 
Quaternary Epoch.— The Till and Drift Comparetl.— The I^ast Transgression.— Trans- 
gression and Phases of Drift.— Transgression General.— Indkx. 



In Crown $zw. Handsome Cloth, 2s. 6d, 

RESEARCHES on the PAST and PRESENT HISTORY of 

THE EARTH'S ATiVIOSPHERE. 

fnduding the latest Dtacoueries and their Practical AppltcatlonB, 
By DK. THOMAS LAMB PHiPSON. 

'*The boolc should prove of interest to general readers, as well as to meteorologists and 
other students of science." — Nature, 

^OHOON: CHARLES GRIFFIN t CO.. LIM.TED, EXETER STREET, STRAMD 
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STANDARD WORKS OF REFERENCE 

FOR 

Jfetallargists, Mine-Owners, Assayers, ManufaetoreFS, 

and all Interested in the development of 

the Metailorgieal Industries. 

EDITED BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R-'S. 

In Unrgt %V0, Han4*»tm Cloth. With lUttstrmHoiu, 



CNTBODUGTION to the STUDY of MBTAIiIinBaT. 

By the Editor. Sixth Edition. (Seep. 48.) 

OOIjD (The Metallurgy of). By Thos. Kirks Rose, 

D.Sc, Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fifth Edition. 21s. (See p. 48.) 

IiSAD (The ' Metallurgy of). By H. F. Collins, Assoc. 
R.S.M., M.Inst.M.M. Second Edition. (Seep. 49.) 

SILVER (The Metallurgy of). By H. F. Collins, A.R.S.M., 
M.Inst.M.M. Second Edition. (See p. 49.) 

IB ON (The MetaUurgy of). By T. Turner, A.R.S.M., 

F.I.C., F.C.S. Third Edition, Revised, i6s.net. (Seep. 50.) 

STEBL (The Metallurgy of). By F. W. Harbord. 
Assoc. R.S.M., F.LC, and J. VV. Hall, A.M. Inst. C.E. Fourth 
Edition. In Two Volumes. Profusely Illustrated. (See p. 50.) 

AIjIjOTS By Edward F. Law, Assoc. R.S.M. With Frontis- 
piece in Colours, and Fine Series of Micro-photc^^raphs. 12s. 6d. net. 
(Seep. 49.) 

ANTIMONY. By C. Y. Wang, M.A., B.Sc. Fully Illustrated. 
I2s. 6d. net. (See p. 50.) 



l*^iU h* PubSskMl at Short InUrvmit. 

MBTAIiLnBGICAL MACHINEBY : the Application of 
Engineering to MetaJlurgical Problems. By Henry Charles Jbnki nb, 
Wh.Sc., Assoc R.S.M. 

OOPPEB (The Metallurgy of). By Thos. C. Cloud, Assoc, 
R.S.M. 

*«* Other Volumes in Preparation. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED EXETER STREET, STRAND. 
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OBIVFIN'S MBTALLTJBaiGAIi SEBIS8. 



Sixth Edition, thoroaghly Revised and considerably Enlarged. Large 
8yo, Pp. i-xv + 478. With numerous Illustrations and Micro- 
Photographic Plates of different varietiea of Steel. 18s. net. 

An Introdaetion to the Study of 




XJ 




BY 

Sir W. ROBERTSAUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M.,. 

L*te Chemist and Auayer of the Royal Mint* and Proiessor of Metallurgy 

in the Royal College of Science. 

Revised throughout by F. W. HARBORD, A.R.S.M., F.I.C. 



OsNBaAL Contents.— The Relation of Metalluivy to Chemistry. — PhTsical Properties- 
of Metals.— Alloys. The Thexmal Treatment of Metals.— Fuel and Thermal Measnreme&U. 

allunical Processes. — Furnaces. — Means of Supplying 

to Furnaces. — Thermo- Chemistry. — "^rpical Metallurgical Processes.— The Micro-Structure 



>ys. J 
— Materials and Products of Metallunical Processes. — Furnaces. — Means of Supplying Air* 
to Furnaces. — Thermo- Chemistry. — "^rpical Meu " 
of Metals and Alloys. — Economic Considerations. 

" No English text-book at all approaches this in the oomplbtenbss with« 
«rb(ch the most modem views on the subject are dealt with. Prof e sso r Austen's 
folume will be inyaluablb, not only to tbe student, but also to thote wbosr 
knowledge of the art is far advanced. "-—CAMif^a/ News, 



Fifth Bditiok, Revised, Con8i4erably Enlarged, and in part Re-written . 
With Frontispiece and numerona IllnstrationB. 218. 

THE HETALLUR6T OF GOLD. 

BT 

T. KIRKE ROSE, D.ScLond., Assoc.R.S.M.. 

Chemut and Anayer ofikt Boyal MinL 

Qkmiral CoHTaHTB.— The Properties of Gold and its Alloys.— Chemistry of the- 
ConipoQiids of Gold.- Mode of Occurrence and Distribntion of Gold.— Shallow Placer 
Peposlts.— Deep Placer Deposits.— Quartz Crushing in the Stamp Battery.— Amalgam-- 
atlon In the Stamp Battery.— Other Forms of Crushing and Amalgamating Machinery. 
--Concentration in Gold Mills.— Dry Crushing.— £e-grinding.—Roastlng.—Ch1orination : 
The Plattner Process, The Barrel Process, The vat-Solutton Process.- The Cyanide- 
Process.— Chemistry of the Cyanide Process.— Bering and Parting of Gold BuUlmi. 
—Assay of Gold Ores.— Assay of Gold Bullion.— Statistics of Gold Production. —Biblto— 
graphy.— INDKX* 

'* A ooiiraBHBVsivB PBAonoio. TKBATiss on this Important subject"— IVks Timu. 

"The MOST ooMPurra deserlptton of the ohlobihaiioh raoans whioh has yet been pnb- 
Uihed."- Jftatn^ Jotimal. 

** Adapted for all who are interested in cae OoU Mining Indnstry, being free from teoh- 
nioaUtiee as far as possible, bat la more p»r^.<ndarly of value to thoee Migaged in ih«» 
iadnBirj.*"— Cape Timet, 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, 8TRAND.I 
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aBIFFIN'8 METAIiIiirBaiCAIi SERIES. 

Editkd by sir W. ROBERTS-AUSTEN, K.C.B., F.R.S., D.C.L. 
In Large 8vo. Handsome Cloth. With lUtiUrcUion*. 

SscoNU Edition, Revised Throughoat and Enlarged. Pp. i-xx+538. 
With 314 Illustrations, including 12 Folding Plates. 2 Is. net. 

THE METALLURGY OF LEAD. 

By H. F. COLLINS, AbsocR.S.M., M.Inst.M.M. 

Contents.— Introductory. —The Pi*opei'ties of Lead aud its Principal Compoundfl. 
—Lead Ores.— Lbad Sheltino in £everberatorie8.~Lead Smelting iu Heartlis.— 
Roasting Lead and Silver Ores.— Blast Jtoastlng of Lead Oi-es.— Blast- fiirnace Lead 
Smelting: Principles, Plant, Practice, Products, Examples, Costs and Losses, Ore 
Purchasing.— Flue-Dust: ComDOsition, Collection, aud Treatment.— Desilverisation. 
—Softening and Refining for Markei.— Pattlnsou Process.— Parkes Process. -Cupella- 
tion and Aefining.— Electrolytic Refining.- Supplementary : Works Assaying and 
Analytical Methods. —Zinc-Lead Sulphides.- Flotation Processes.— Index. 

"A THOBOUOHLT SOUND and useful digest. May with >vbkt ooHiiDBiioa be 
reoommended."— Jft'mfi|7 Journal. 



Second Edition, Revised Throughout and Enlarged. In Preparation. 

THE METALLURGY OF SILVER. 

By H. F. COLLINS, Assoc.RS.M., M.Inst.M.M. 

Comprising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, kc. 

"The author has focussed A LARGS amount op valuablk information Into a 
eoDTenlent form. . . . The author has evidently considerable practical experience 
and descrll>es the various processes clearly and well."— Jf tntfi^ JourruU. 



Frontispiece in Colours, and Beautiful Series of Photo-micrographs. 

12s. 6d. net. 

JL L Xj O IT 




AND THEIR INDUSTBIAL APPIiICATIOlTS. 
By EDWARD F. LAW, A.RS.M. 

Contents. — luti'oductiou. — Pi-operties of Alloys. — Methods of Investigation. — 
Constitution.— Influence of Temperature on Properties. — Corrosion o^ Alloys.— Copper 
Alloys, Brass, Bronzes.- Special Brasses and Bronzes.— German Silver and Miscellaneous 
Copper Alloys.- White Metal Alloys.— Anti- Friction Alloys. — Aluminium Alloys.— 
Silver and Gold Alloys.— Iron Alloys.— Miscellaneous Alloys (Amalgams, Ac.).— Index. 

"Concise and practical ... a valuable amount of information that will be 
appreciated by student and manufacturer alike." — Fowndry Traded Journal, 



LONDON: CHARLES GRIFFIN A CO.. LlMiTED, EXETER STREET, 8TRANQ 
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aniFYlUf^B MSTAIiLnBaiCAIi 8BBIB8. 



Fourth Edition, Thoroughly Revised Throughout. With Nameron» 
lUustrfttions. Large 8vo. Two Volumes. . Handsome Cloth. 368. net. 

With Additional Chapter on The Electric Smelting of Steel, 

THE METALLDRGY OF STEEL. 

By F. W. HARBORD, Assoc.RS.M., F.I.C., 
And J. W. HALL, A. M.Inst. C.E. 

VoL I.— MetalluFiry. 

VoL II.— Mechanical Treatment. 

{X.B, — The^ie Volumes ar^ not Sold Separately.) 

Abridged Contents.— lliePlaut, Machinery, Methods and Chemistry of the Bessemer 
and of the Open Hearth Processes (Acid and Basic).— The influence of Metalluids, Heat 
Treatment, Special Steels, Microstnicture, Testing, and Specifications.— The Mechanical 
Treatment of Steel comprising Mill Practice, Plant and Machinery. 

Tlie Enigtneerukjn, at the eonelualoii of a reriew of this bouk :— " We cannot conclude wlihoat 
aamettlT reoomroendlDg all who may be interested as makers or users of steel, which practloUiy 
means toe whole of the encriiieeriug profeasion, to make themaelTes acquainted with it as speedily 
as Doasible, and this may bo the more easily done as the publisheil price, considering tn« sise 
<if the fatook, is extremely modentte." 



Third Edition, Revised and Enlarged. With many new Plates. 

16s. net. 

THE HETALLUR6T OF IRON. 

By THOMAS TURNER, A8S00.R.S.M., F.I.O., 

Frofenor of Metallurgy in the Univertiiy of Birmingham. 

Omir al (7of»<sn<«.— Early History of Iron.— Modara History of Iron.— The Ag« of Steel 
— Ohiaf Iron Ores.— Preparation of Iron Ores. —The Blast Furnace.— The Air used In the 
fllaat Furnace. — Baaotions of the Blast Furnace. —The Gaseous Products of the Blast 
Pnrnaoe— The Fuel used in the Blast Furnace.— Slags and Fuzes of Iron Smelting.— 
Properties of Oast Iron. — Foundry Praotioe. — Wrought Iron. —Indirect Production of 
Wrought Iron.— The Puddling Process.— Further Treatment of Wrought Iron. - Corrosion 
of Iron and Steel. 

"A THOROUOHLT usKTUi. BOOK, which brings the sabject up to ditb. Of 
aBBAT TALDB to tfaoss engaged in the iron indostry." — Mining Journal. 



\* For Professor Turner's Lectures on Iron- Founding^ see page 54. 



In Large 8vo. Handsome Cloth. Fully Illustrated. 128. 6d. net. 

ILNTTIIMION^ir: 

Its History, Chemistry, Mineralogy, Geology, Metallurgy, Uses and 
Preparation, Analysis, Production and Valuation. 

By C. Y. WANG, M.A., B.Sc, 

Mem. Am. Inst. Mining Eng. ; Mem. Irun and Steel Institute ; Geologist for the 

Qnang Si Province, China, Ac, &c. 

"A book which stands alone, inasmuch as there is not, to our knowledge, any otlier 
complete treatise on antimony ataouir all the Eniriish text-books."— 7 ron and Coai 
Trade^f' Review. 

LONDON: CHARLES GRIFFIN & CO., LIMITED. EXETER STREET. STRAND. 
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In Medlnm 8vo. Handsome Cloth. Profusely Illustrated. 10s. 6d. net. 

LECTURE8 ON 



By DONALD M. LEVY, M.Sc. A.R.S.M., 
Assistant Lecturer in Metallurgy University of Birmingham. 

Abbidobd G0HTSNT8. — ^HistoricaU^Prico and Cost of Production and Statistics. — 
Uses of Copper as Metal and Alloy. — Effect of Impurities. — Compounds. — Ores. — Pre- 
liminary Treatment. — Sintering. — ^Iteverberatonr Smelting Practice. — Blast Furnace 
Practice. — Bessemerislng of Copper Mattes. — ^Punfleation and Refining of Crude Copper. — 

IHDBX. 

"A welcome addition to existing literature on the subject." — CkemictU Trade Journal, 
In Medium 8vo. Handsome Cloth. With Illustrations. lOs. Od. net. 

CAST IRON 

IN THE LIGHT OF RECENT RESEARCH. 

By W. H. HATFIELD. B.Met., A.M.LMech.K. 

CONTXHTS. — iNTBODUonoN. — Cast Iron from the Standpoint of the Equilibrium 
Olaoam of the Non-carbon System. — Influence of Silicon. — Of Phosphcms. — Of Sulphur. 
— Of Manganese. — Of Other Elements. — Of Casting Temperature.— Shrinkage anc Con- 
traction. — Growth of Cast Iron under Repeated Heatings. — Effect of Superheated Steam. 
— Malleable Cast Iron.— Heat Treatment of Cast Iron. — Decarburisation of White Cast- 
iron Castings. — ^Mechanical Properties of Cast and Malleable Cast Iron. — Slags.— 

APPENDIOB8. — IRDXZ. 

"A valuable addition to Orlffln's noted metallurgical publications." — iftntn^ 
Alagazitu, 



Thirteenth Edition. With Tables and Illustrations. Cloth, los. 6d- 

A TEXT-BOOK OF ASSAYING: 

For the use of StudonU^ Mine Mcmagera, Aaaayere, do. 
By J. J. BERINGER, F.l.C, F.C.S., 

Public Analyst for, and Lecturer to the Mining Association of, ComwalL 

And C. BERINGER, F.C.S., 

Late Chief Assayer to the Rio Unto Copper Company, Loodoo, 

Gbn saAL Contents. — Part I. — Intboductoev ; Manipulation : Sam^ng ; 
Dying; Calculation of Results— Laboratory-books and Reports. Methods: Dry Gmvi- 
aetric; Wet Gravimetric— Voittmetric Asnys: Utrometnc, Colorimetxic, Gascnnetii^' 
Weighing and Measoiin^— Reagents— FormulsB, Kquation% ftc. — Specific GraTity. 

Past II.— Mbtals : Detection and Assay of Silver, Gold, Platinum, Mercury. Copper, 
Lead, Thallium, Bismuth. Aatimonv, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titauum, Manganese, Chromium, ac.— Earths, Alkalies. 

Paxt III.— Non-Mbtals : Oxygen and Oxides: The Halogens— Sulohur and Sul- 
phates—Arsenic, Phosphorus, Nitrogen — Silicon, Carbon, Boroo— iJseful Tables. 

"A BBALLT MSKiTonous woaic, that may be safely depended upon either for systematic 
instruction or for reference." — Naiurt. 



Large 8vo. Cloth. With IlluBtrations. 12b. 6d. net. 

NETALLURfilGAL ANALYSIS ft ASSAYING : 

A THREE YEARS' COURSE FOR STUDENTS OF SCHOOLS OF MINES. 
By W. a. MACLEOD, B.A., B.Sc., And CHAS. WALKER, F.C.S. 

"The pablicatlon of this roliune tends to prove that the teaching of metallurgical 
analysis and assaying in Australia rests In competent hands."— ^atur«. 

lONOOM: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET. STRAND. 
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IN TWO VOLUMES, SOLD SEPARATELY . 
In Handsome Cloth, Leather Back. Price 2l8. net. 

ROD METALLURGICAL PRACTICE. 

VOLUME I., pp. i-xix -T 486» oontalns— 

Introduction by Ralph Stokks. Breaking and Sorting — Sand Treatment, 
by J. E. Tmomas, A.LM.M., &c. Stamp Milling, by G. O. Smart, 
A.I.M.M., &c. Tube Milling: Slime Treatment, by W. R. Dowlikc;, 
M.I.M.M., &c. Slime Treatment, by H. A. White, Mem. Council 
of CM. and M.Soc.S.A. Precipitation: Clean-up and Smelting, by 
E. H. Johnson, M. I. M. M., &c. Chemistry of Banket Ore Treatment, 
by \V. A. Calobcott, D.Sc, F.C.S., F.R.S., &c. Assajing, Testing, 
by A. M A. Johnston, M.A., M.I.M.M., F.C.S., Ac. 

In Handsome Cloth, Leather Back. Price 21s. net. 

RAND METALLURGICAL PRACTICE. 

VOLUME II., pp. i-xxll + 4p88, oontains— 

Design and Construction of Plant, Transport of Materials, by C. O. 
ScHHiTT, M.I.MM., Member Council of Transvaal Institution of 
Mechanical Engineers. 

"Without doubt one of the most important books on motallurgicsl practice ever 
published.*' — 3f tntiHr MagaxiM. 

"Invaluable. . . . We have only words of the highest praise for the work." — 
Mining World. 

In Crown 8vo. Handsome Cloth. Fully Illustrated. 3b. net. 

AN INTRODUCTION TO 

PRACTICAL METALLURGY. 

By prof. THOMAS TURNER, A.RS.M., F.I.O. 

'*It is an exoelleiit and handy book for its purpose, and will have a far wider range 
of usefulneas than for class work alone." — Practical Engine.r. 



FouBTH Edition, Revised. With Numerom lUwtrcUiona. 6». 
A TEXT-BOOK OF 

ELEMENTARY METALLURGY. 

Including the Author's PRAcrnoAL Laboratobt Coursb. 
By a. HUMBOLDT SEXTON, F.I.C., F.0.8. 

" Just the kind of work for Student* coiiiikkcixo the study of Uetallurgy, or for EsGiifSSRlso 
Stadeuta."— Prcurfieal Engiiuer. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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Second Edition. In Crown 8vo. Handsome Cloth. Thoroughly 

Revised and very greatly Enlarged. 10s. 6d. net. 

A HANDBOOK ON 

SSETiLrilLilC JLILiILiOirS: 

Their Structure and Constitution. 
By GILBERT H. GULLIVER, B.Sa, F.RS.E. 

"A valuable nddition to cxisthig literature on alloys."— F»u»«in/ Traden' Journal. 
In Large 8vo. Handsome Cloth. Price 4a. 

QUANTITATIVE METALLURGICAL ANALYSIS. 

TABLES FOR UVBORATORY USE. 

OM THE PRINCIPLE Of "GROUP" SEPARATIONS, 

By J. JAMES MORGAN, F.O.S., M.S.O.I. 

"The Anttaor may be oonosatulatbo on the way his work haa been oarried oat"— 
The Engineer. 

Third Edition. In Handsome Cloth. Revised, Enlarged, and 
Re- written. Pp. i-xv + 425. Fully Illustrated. 128. 6d. net. 

A treatise: on 

ELECTRO -METALLURGY: 

Embracing the AppUoation of Eleotrolysis to the Plating, Depositing, 

Smelting, and Refining of various Metals, and to the Repro- 

dnction of Printing Sur&oes and Art- Work, 9lc. 

By W. G. M-MILLAN, F.I.C, and W. R. COOPER. M.A., B.Sc. 

' CoNTKMTS. — Introductory and Historical. — Theoretical and General. — Sources of 
Current.— General Conditions to Ije Observed in Electro-Plating.— Plating Adjuncts and 
Deposition of Plant.— The Cleansing and Preparation of Work for the Depo8itlng>Vat, 
ana subsequent Plating of Plated Goods.— The Electro-depoaition of Copper.— Electro- 
typing.— llie Electro-depoaitton of Silver, Gold, Kickel and Cobalt. Iron» Platinum, 
Zinc, Chromium, Cadmium, Tin, Lead, Antimony, Bismuth, and Palladium; Elect ro- 
«hromy. — The Blectro-depoaltion of Alloys. — Blectro-metallui^cal Extractimi and 
Refining Processes. —llie Recovery of certain Metals from their Solutions or from Waste 
Substances.— The Determination of the Proportion of Metal in certain Depositing 
Solutions.— Power required for Electrolytic Work.— Modem Theories of Electrolysis.— 
-Glossary.— Addenda.— IRDKX. 

" A most valuable cyclopiedia as well as a guiding text-book . . . gives a 
wonderful amount of information."— JfcfaZ Industry. 



Bboond Edition, Thoroughly Revised and Enlarged. In large 8vo. 
With Numerous Illnstrations and Three Folding- Plates. 2l8. neL 

EIEOTRIO SIEITIITG & REPHIM: 

A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 

Being the <'BLBKTBO-MKTALLnBOiB" of Dr. W. BORCHERS. 

Translated from the Latest German Edition by WALTER G. MCMILLAN, 

P. I.e.. F.0.8. 

" COMPRBHSHSmi and AUTHOBnATIYB . . . not only FULL of TALUASLI ISPOR- 

MATIOR, bat gives evidence of a thorouqh insight into the technical yalui and 
roesiBlUTiaB of all the methods discussed."— 7A« EUctrieian. 



LONDON : CHARLES GRIFFIN A CO., LIMITED EXETER STREET, STRAND. 
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Second Edition, Thorowjhly Revised. In Medium 8vo. Fully 

lUuUrated, 15« nti, 

GENERAL FOUNDRY PRACTICE: 

A Practical Handbook for Iron^ Steel and Brass Founders, 
Metallurgists, and Students of Metallurgy, 

By A. M^WILLIAM, A.R.S.M., and PERCY LONGMUIK. 

'* The student of foaodry work . . . iieedt do other text-book. . . . The book 
contains a tremendouB unoant of information, and is well yiri\X»u."^Bngineenng Time^ 



Second Edition. Extra Oroion 8vo. With many Illwtraiions, 

3«. Qd. net. 

LECTURES ON IRON-FOUNDING. 

By THOMAS TURNER, M.Sc., A.R.S.M., F.I.C., 

Professor of Metallurgy in the Unirersity of Birmingham. 

CONTBMTS.— Varieties of Iron and Steel.— Application of Cast Iron.— History.— Pro- 
duction. — Iron Ores.— Composition.— The Blast Furnace.— Materials.— Reactions.— 
Grading Pig Iron. — Carbon, Silicon, Sulphur, Phosphorus, Manganese, Aluminium^ 
Arsenic, Copper, and Titanium. —The Foundry.— General Arrangement.— Ke-melting 
Cast Iron. — The Cupola. — Fuel Used. — Changes due to Re-meltlDg. — Moulds and 
Moulding.— Foundry Ladles.— Pouring and Pouring Temperature.— Common Troubles.— 
Influence of Shape and Size on Strength of Castings.— Tests. 

" Ironfounders will find much information in the book."— /ron T^nide Cinular 
Ryland^a). 

III Crown 8vo. Handsome Cloth, la. 6d. net. 

BLAST FURNACE PRACTICE. 

By J. JAMES MORGAN, F.C.S.. M.S.C.I., 

Author of "Quantitative Metallurgical Tables," <&c. 

"Excellent , . . It is essentially suitable for tlie practical man, and to the^ 
beginner particularly it should prove valuable." — Iron and Coal Tradei Beeord. 



In Crown 8vo. Mandsome Cloth. 28. 6d. net. 

NOTES ON FOUNDRY PRACTICE 

By J. JAMES MORGAN, F.C.S., M.S. C.I. 



Skcond Edition, Revised, In Demy 8vo, WUh 14o lUustrcUums 

and 12 new Plates, 7s, 6d, net. 

THE ART OF THE GOLDSMITH AND JEWELLER. 

A Manual on the Manipulation of Oold and the 
Manufacture of Personal Ornaments. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and SUversmiths' Assoc. Tech. School, Birmingham. 

Assisted by J. H. STANSBIE, B.Sc. (Lond.), F.I.O., 

Lecturer at the Birmhigham Municipal Technical School. 
" A recognised standaro woTk."—,feweJlert' zfid Watchmakers' Trade Advertiser. 

lONDON: CHARLES QRIFFIN A CO.. LIMTEO. EXETER STREET. STRAHOs 
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Third Edition, Thoroughly Revised, JSularged, and Ife-aet Throughout^ 
Three VolumeSf with VnLuable Bibliogra/pfiy, New Maps, lUuniraluyiia, Ac. 
X XY OrMERSBBS ^IT O Z^ U US B B. 
A TREA TISE ON 

i=>eiti2;OIjEtj:]v^. 

By sir BOVERTON REDWOOD, Bart., 

D.Sa, /.U.8.E., AasocLl.NST.O.E, F.I.O. 

CoNTKMTS.— Section I.: Hbitoiical Account of the Petroleum Industry.— Skctiom II.: 
Oeolqgical and Oe<Mn*aphical Distribution of Petroleum and Natural Gas.— Sbction III.: 
I'lie Chemical and Physical Properties of Petroleum and Natural Oas.— Srotioh IV.: 
The Origin of Petroleum and Natural Oas.— SsctionY.: The Production of Petroleum, 
Natural Gas, and Ozokerite.— Sbction VI.: The Refining of Petroleum.— Sbotion VII.: 
The Shale Oil and Allied Industries.— Sbctioh VIII. : The Transport, Storage, and Dia- 
tribntion of Petroleum.— SSCTION IX. : The Testing of Crude Petroleum, Petroleum and 
Shale Oil Products, Ozokerite, and Asphalt.— SsOTiON X : The Uses of Petroleum and* 
Its Products. — Sbctioh XI. : Statutory, Municipal, and other Regulations relating to 
the Testing, Storage, Transport, and Use of Petroleum and its Products. —DiBUO- 

GRA PUT.- APPBNDICBS.— IMDKX. 

"It la indlapaUbly the most comprehensive and complete treatise ou petroleum, an i thi* 
■tatemeut is true, no matter on what branch of the industry a test of Its merits is made. It la- 
the only l)ook In existence which gives tlie oil man a clear and reliable outline of the growth and 
preseo^ay condition of the entue petroleum world. . . . There Is a wonderftilly complete 
collection of plates and Illustrations. -Pelro^m World. 



SicohTD Edition, Revised, WUh Illu^rations. Price Ss, 6c/. fiet. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS. 

And fop those ensaflred in the Stopaffe, Transport, Distribution, and Industrial 

Use of Petroleum and its Products, and of Calcium Carbide. With 

sugflrestions on the Construction and Use of Hineral Oil Lamps. 

By captain J. H. THOMSON, 

H.M. Chief Insnector of JSzpl<Mlv«^ 

And sir BOVERTON REDWOOD. Bart., 
Author of ** A Treatise on Petroleum." 
" A volume that will enrich the world's petroleum literature, and render a service to the 
British branch of the industry. . . . Reliable, Indispensable, a brilliant eontribnllon."— 
VttrdUum, 



Second Edition, Revised. In Crown 8vo. Fully Illustrated. 

THE LABORATORY BOOK OF MINERAL OIL TESTING. 

By J. A. HICKS, 
Chemist to Sir Boverton Redwood 
Should be on the shelves oferery analytical chemiit in practice '*—CKemieal Trade Journal. 

Secoud Edition. In Large Crown 8vo, Cloth. Fully Illustrated 68. net, 

O I r^ F XJ E r^: 

1X8 SX7PPLY, OOMPOSmON, AND APPLIOATION. 

By SIDNEY H. NORTH, 
Thobouchlt Revissd and Enlarged by ED. BUTLER, M.I.Mech.E. 

OoHTKNTS.— The Sources of Supply.— Economic Aspect of Liquid Ii^el.— Chemical 
Oomposition of Fuel Oils —Conditions of Combustion in Oil Fuel Furnaces.— Karly 
Methods and Experiments.— Modem Burners and Methods.— Oil Fuel for Marine Pur- 
poses.— For Naval Purposes.— On Locomotives.— For MetalluiKical and other Purposes. 
—Appendices. -Index. 

" Svoryone interested in tliis Important question will welcome Mr. North's excellent 
teit-book."— Mature. 

THE PETROLEUM LAMP: Its Choice and Use. A Guide 

to the Safe Employment of the Paraffin Lamp. By Capt. J. H. 
Thomson and Sir Boverton Redwood. Illustrated. U. net. 

" A worli which will meet every purpose for which it has been written,-- PitroUum. 

LONDON: CHARLES GRIFFIN A CO., IIMITED. EXETER STREET. STRAND 
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In Two Vola., Large 8vo. With Illiutr&tionB. Sold SopMrafeely. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

BY 

BERTRAM BLOUNT, F.I.C., cfc A. G. BLOXAM, F.I.O. 

VOLUME I.— Chemistry of Enflrlneerlng, BuUdlnflr, and Metallurgy.- &eiMra< 
Caiitonte.—lNT&ODUCTiOM.— Chemistry of the ChieT Materials of Coustructlon.— 
Sources of Euergy.— Chemistry of Steam-raisiug. — Chemistry of Lubrication aud 
Lubricants.— Metallurgical Prooeases used lu the Winning aud Manufacture of 
Metals. 8BC0ND EDITION. 148. 

VOLUME IL— The Chemistry of Manufacturinsr Processes.— 6eii«ra< CotUmts.— 
Sulphuric Acid Manufacture. — Alkali, &>c. — Destnictive Distillation. — Ariifldal 
Manure.— Petroleum.— Lime aud Cement— Clay and Glass.- Sugar and Starch.— 
Brewing aud Distilling.— Oils, Resins, and Vami«hes.— Soap and Candles.— Textiles 
and Bleaching.- Colouring Matters, Dyeing aud Printing.— Paper and Pasteboard.— 
Pigments and Paints —Leather, Glue, aUd Size.— Explosives and Matches.- Minor 
Manufactures. Second EDiriON, Reprinted. Illustrated. 166. 



Second Edition. In Large 8va Handsome Cloth. With 8oo pages 

and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES : 

WEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C. R. alder WRIGHT, D.Sc, F.R.S., 

Late Lecturer on Chemistry. St. MmVs Hospital Me<tical School ; Examiner 
in '* Soap " to the City and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.LC, F.CS. 

"Will be found absolutely WDisrKHSA»hM.*—TMt Amm/yst. 

"Will rank as the Stamdakd English Authokitt on Oils and Fats for nuinv 
<f«art to oome." — Indmirii* and Iron. 



In Two Vulumts^ Half Aforocco, each complete in itself, 

PHYSICO-CHEMICAL TABLES 

For the Use of Anatyata, Physicists, Chemical Manufacturers and 

Scientific Chemists. 

Voinme I. — Chemical EDgineering, Physical Chemistry. 

Pp. i-xxxii + 548. 24s. net. 

Volume II. — Chemical Physics, Pore and Analytical Chemistry. 

!Pp. i.xiv + 549 to 1236. With Index to the two Volumes. 36s. net. 

By JOHN CASTELL-EVANS, F.I.C., F.CS. 

The Work comprehends as far as possible all kulss and tablbs required by the 
Analyst, Brewer, Distiller, Acid- and Alkali- Manufacturer, &c, &c. ; and also the prin 
cipal data in Thkrmo-Chsmistry, Elect Jto-CHBMISTRV, and the various branches o' 
Chemical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to include the results of the most recent investigations. 

lONDON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAiib. 
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Sixth Edition, Thoroughly Revised. Fully IliuBtrated. 21s. 

FOODS : THEIR COMPOSITION AND ANALYSIS. 

By a. WYNTER BLYTH, M.R.C.S., F.I.O., F.O.S., 

Barrister-ftt-Law, Public Analyst for the Coantv of Devon, and 
Medical Officer of Health for St Marylebone. 

And M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 

Oenbral Cortemts.— History of Adulteration.— Leffislatiou.— Apparatus.— " Asli."— 
Sugar.— Confectionery.— Honey.— Treacle.— Jams and Preserved Fruits.— St arches. — 
Wheatcn-Flour.— Bread.— Oats.— Barley. —Bye,— Rice. — Maise. — Millet. —Potatoes. — 
Peas.— Lentils.— Beans — Milk. — Cream. — Butter. — Oleo-Margariue.— Cheese. —Lard. — 
Tea.— Coffee.— Cocoa and Chocolate. — Alcohol. -Brandy.— Rum. — Whisky — Gin.— 
Arrack.— Liqueurs.— Absinthe.— Yeast. — Beer.— Wine. — Vinegar.— Lemon and Lime- 
Juice.— Mustard.— Pepper.— Sweet aud Bitter Almonds. -Annatto.— Olive Oil.— Water- 
Analysis.— Appendix : Adulteration Acts, Ac. 

" A new edition of Mr. Wynt«r Blvth's Standard work, unuonD wm all thb keobvi* 
olsooTniBS 4in> iMPKOVRimm, will be accepted as a boon."— CA«m#eaf Newt. 



FouBTH Edition, Thoroughly Revised. U» Large Svo, Cloth, with 

Tables and Illustrations. 21s. net. 

POISONS : THEIR EFFECTS AND DETECTION. 

By a. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.8., 

Banister-ai-Law, Public Analyst for the County of Devon, and 
Medical Offloer of Haalth for St. Marylebone. 

GKNERAL CoNTBNTa— I.— Historical lutrodaciion.' II.— ClaasUication— Statistici- 
Oonnection between Toxic Action and Chemltal Composition — Life Tests— GeueraP 
Method of Procedure— The Spectroscope— Examination of Blood and Blood Stains. 
III.— Poisonous Gases. IV.— Acids and Alkslies. V.— Uore or less Volatile Poisonous- 
Substances. VI.— Alkaloids and Poisonous Vefretable Principles. VII.— Poisons derived 
from living or Dead Animal Substances. VIII.— The Oxalic Acid Group. IX. ~ 
Inorganic Poisons. Appendix: Treatment, by Antidotes or otherwise, of Cases of 
Poisoning. 

" Vndoobtedly jbm most oohplbtb wobk on Toxicology in our langusfte."— 7%« ilmUysi. 
* As a PEAonoAi «iTiBi, we know no satna work."— 2 *« Lameet (9t^th» Thirdk MUiomJ 



Crown 8vo, Handsome Cloth. Fully Illustrated. los. 6d. 

FLESH FOODS: 

With Methods for thehr Chemical, Microscopical, and Bacterio 

logical Examination. 

4 Praotioal Handbook for Medioaf Men, Anaiyata, Inapeotora and others 
By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

A compaatkm which will be most useAl for the class for whom it b intended."— wf/A«M«Hm. 

HONOON : CHARLES QRIFFIN A*GO.. LIMITED. EXETER STREET. STRAND 
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Second Edition. With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

FOB DAIBT MANAGERS. CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemists and others 

having Control of Dairies. 

Bv H. DROOP RICHMOND, F.I.C., 

CHBMIST TO THB AY1.BSBUHy DAIRY COMPANY. 

"... In our opinion the book is the bbst coMTRiBurfON cn thb subibct that 
•HAS YET APPBAKBD in the English language." — L^mcH (on the Ftrsi Edidon). 



In Crown 8vo, Fully Illustiaicd. 2s. 6d. net. 
THE LABOBATOBY BOOK OF 

DAIRY ANALYSIS. 

By H. DROOP RICHMOND, F.I.C. 

" Without doubt the best contribution to the literature of its subject that has ever been 
'wrMjtn."— Medical Times, 

illostrated. With Photographs of Various Breeds of Cattle, Ac. 68. net. 

MILK: ITS PRODUCTION <fc USES. 

^iih Chapters on Dairff fanning. The Diaeasea of Cattle, and on the 

Hygiene and Control of Supplies. 
By EDWARD F. WILLOUGHBY, M.D., D.P.H. 

'* We cordially recommend it to everyone who has anything at all to do with mflk."— 
4)a»rv World, 

In Crown 8vo. Handsome Cloth. Fully Illustrated. 

A MANUAL OP 

PRACTICAL AGRICULTURAL BACTERIOLOGY. 

By Prop. Dr. F. LOHNIS. 

Translated by W. Stbvknson, of the West of Scotland Agricultural College, and 
J. HUMTRR Smith, B.Sc., Assistant in the Laboratory of Dr. F. Lohnit. 



Second Edition. Iu Large Crown 8vo. Cloth. 4s. 6d. net. 

ELEMENTARY AGRICULTURAL CHEMISTRY. 

By HERBERT INGLE, BSc, F.I.C, F.C.S. 

CoNTXNTS.— Introduction. — The Atmosphere. — The Soil.— Natural Waters. — The 
»Plaiit.— Manures.— Crops.— The Animal. -Foods and Feeding.— The Dairy.— Mtscel- 
•laneouB.— Indkx. 

Fifth Edition. In D^my 8vo Revised Throughout. Pp! ixi + 489 
With 101 Illustrations. In Cloth. 158.net. 

MICRO-ORGANISMS AND FERMENTATION. 

By ALFRED JORGBNSEN. 

Translated by SAMUEL H. DAVIES, M.Sc. 

" The student taking up this subject would do well to work through this book flrst 
Jind then take Ladar's."—Bretcing Trade Review. 

LONDON : CHABLE8 gRlFFlN & CO.. LIMITED. EXETEP« 8TPi££7. STRANG 
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Third Edition. In Handsome Cloth. Fully IlloBtrated. 2l8. net 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

Bt WALTER J. SYKES. 
Revised by ARTHUR R. LING, F.LC, F.C.S., 

Editor of the Jouraal of the luttltute of Brewing. 

COMTBNTS. — Physical Principles Involyed. — The Chemistry of Brewing. — The 
Iflcrosoope. — Vegetable Biology. — Fermentation. — Water. — Barley and Malting. — 
Arraiigemeut of Brewery Plant.— Quantities of Materials.— Fermentation.— Antiseptics. 
—Finings.— Characteristics of Beer.— Diseases of Beer.— Indix. 

" A thorough and comprehensive text-boolc . . . up-to-date ... a standard 
text-book."- Brrawrtf' Journal. 



In Large 8vo. Complete in Two Volumes. 
Each Volume Complete in Itseif, cuid Sold SepcwcUely, 

TECHNICAL MYCOLOGY: 

rhe Utiliaation of Mtoro-organiama in the Arts and Manufactures. 

By De. FRANZ LAFAR, 

Prof, of Fermentation-Physiology and Bacteriology In the Technical High School, Vlennn 

Travslatbd BT CHABLES T. C. SALTER. 

Vol. I.-SOHIZOMYOBnC FHRMBNTATION. 16s. net 
Vol II.-BUMYOBTIC FBRMBNTATION. 24s. net. 

NoTK.— Part I. of Vol. IL was issued separately at 7s. 6d. Copies of Part II., 
Vol. II., have, therefore, been bound up to enable those possessing Part I. to complete 
their copies. The price of Vol. II., Part IL, is ISs. net. 

**The first work of the kind which can lay elaim to completeness in t*ie treatment of 
A fMclnating subject. The. plan Is admirable, the daasifloatrou simple, the style la good, 
and the tendenoy of the whole volume Is to convey sure information to the reader.**— 

- - -»■ - - 

Crown 8vo, Handsome Cloth. With Diagrams. 78. 6d. net. 
[Companion Volume to "FERMENTS," by the same Author.] 

TOXINES AND ANTITOX^INES. 

By OAHL OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 
TlUNSLATED FROM THE Gk&MAN BY 

C. AINSWORTH MITCHELL, B.A., F.I.C, F.C.S. 

With Notes, and Additions by the Author, since the publication of the German Edition. 

" For wealth of detail, we have no small work on Tcixmes which equals the one 
«n*1*r review.**— Jfedicof Ttmet 



In Crown 8vo, Handsome Cloth. Prioe In, 6d. net. 

FERMENTS : AND THEIR ACTIONS. 

A Text-book on the Chemistry and Phyaice of Fermentative Changes. 

Bv CA.RL OPPENHEIMER, Ph.D., M.D. 
Translated by C. AINSWORTH MITCHELL, B.A., F.I.C, F.C.S. 

" Such a veritable mullum in pareo has never yet appeared."— Ar<tf'«t*<' JouriuU 

lONDOK : CHARLES GRIFFIN A CO.. LIMITED. EXETFR STREET. STRANG 



6o CHARLIS^ GRIFFIN Jb CO.'S PUBLIGATIONS, 

In Crown 8vo. Handsome Cloth. Pp. i-vi + 114. 3s. 6d. net. 

THE CHEMISTRY OF THE COLLOIDS 

Translated from the German of Dr. VICTOR POSCHL 

By Dr. H. H. HODGSON. 
" An excellent little summary of the subject. '—Chemieai Newt. 

In Medium Svo. Handsome Cloth. With Plates and Illustrations. 

CHEMICAL ANALYSIS, 

with Special Reference to Clays, Glasses, Minerals, and the 

Silicate Industries. 

By J. W. MELLOll, Sc.D. 



In Medium Svo. Handsome Cloth. Illustrated. Pp. -xix+359. 2os. net. 

CELLULOID. 

ITS MANUFACTURE, APPLICATIONS, AND SUBSTITUTES. 

Translated from the French of Massklox, Uoblrts, and Cillard. 
Bv H. H. HODGSON, M.A!(Camb.), B.Se.(Lond.), Ph.D. (Heidelberg). 



In Crown Svo. Fully Illustrated. 4s. 6d. net. 

WATER ANALYSIS, 

FOR SANITABY AND TECHNICAL PURPOSED. 

By HERBERT B. STOCKS, F.I.C, F.C.S. 

" Conc-iseuess In detail of this important subject makes this a useful book fur those- 
engaged in sanitary water analysis. —CA^mico/ Trade Journal. 



Second Edition, Revised. In Medium Svo, Cloth. Illustrated. 

12s. 6d. net. 

PAPER TECHNOLOGY! 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES. 

AND CHEMICAL CONSTITUENTS OP PAPER AND OF 

PAPERMAKIN6 FIBRES. 

With Selected Tables for Stationers, Publishers, and Others. 

By R. W. SINDALL, F.C.S. 

•* Exceedingly instructive and particularly useful." — Paptr Mnkers Afontkfy Journal.. 



In Two Large Volumes, Sold Separately, Crown Quarto, Strongly Bound, 
with 18 Plates and SSl other Illustrations. 

Coal, Shale, &c. ; Ores, Furnace Products, Metal Swarf, &e. 

By G. FRANKK. Translated and Editetl by F. LANTSBERRY. M.Sc. 

LONDON: CHARLES GRIFFIN & CO , LIMITED, EXETER STREET, STRAND. 



CHMMiS TR Y AND TECHNO LOG Y. 6 1 

In Crown 8to. Handsome Cloth. Fully Illustrated. 6s. ueL 

PEAT: It8 Use and Manufacture. 

By PHILIP R. BJORLING And FREDERICK T. GISSING. 

Gbivieal C0IITI5T8.— Introduction.— The Formstion of Peat- Ares snd Depth of Bogs la 
Principal Countries. —Msnufsctnre of Pest Fuel, Ae.— Cut Pest, Dredged Pest, snd MsDufiictnred 
Peat.— MsehlneiT employed in the If saufsctureof Peat Fuel.— Peat Moss Litter, and the MachlneiT 
employed In its Msnnrscture.— Peat Charooal snd Its Manufacture.— Cost of making Peat Fuel and 
Charcoal.— Other Productions derived from Pest, such as Tsr, Msnure, Csndles, Dyes, Psper, fte. 

— BlBUOeBAPBT.— IHDXX. 

"The treatment throughout is clear and Interesting . . . excellent pistes. "—JTnDrliuerinir. 
Companion Volame to the above. In Crown 8vo. Cloth. Folly Illustrated. 6b. net. 

COMMERCIAL PEATs 

Its Uses and Its PoaslblUUes. 

By F. T. GISSING. 

" A useful and instmctlve epitome of the development of the industry. "^JfecAanico/ 
Engineer. 

In Crown 8vo. Pp. t>xi + 45l. Price 78. 6d. net. 

British Clays, Siiales & Sands. 

By a. B. SEAllLE, Cantor Lectdrbr on Brickvakino. 



Second Edition, Thoroughly EevUed. In Crown 8vo. Handsome Cloth. 68. net. 

THE CLAYWORKER'S HANDBOOK. 

A Kanual for all engaged in Jthe Manufacture of Artioles from Way. 
By ALPRI<:D B. SBAKLIi), Cantor Lecturer on Brickmaking. 




snd Waste. —Tests, Anslysis snd Control.— Biblio iaAPHT.--TABLi8.-lH0BX. 

'*We can thoroughly recommend this handy little book to all our readers." Brick antt 
PoUerjf Truduf Jmtmal. 



In Imperial 8vo. Strongly and Elegantly Bound in Half Leather. 
Enclosed in Cade. Pp. i-xviii + 660. £2 28. net. 

CERAMIC LITERATURE. 

Compiled, Classified, and Described by M. L. SOLON, 
President of the English Ceramic Society. 

An Analytical Index to the Works Published in all Languages on the History and 
the Technology of the Ceramic Art ; also to the Catalogues of Public Museums, Private 
Collections, and of Auction Sales In which the Description of Ceramic Objects occupy 
an important place ; and to the most Important Price Lists of the Ancient add MoHem 
Manufactories of Pottery and Porcelain. 

"A work of inestimable value to all serious study of Ceramics."— BuWiiij^een 
Majazine. 

lONDON : CHARLES GRIFFIN A GO.^ LIMITED, EXETER 8TREEL 8TR/JID 
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In Medium 8vo. Cloth. Pp. i-xiii + 356. With Tables, Illustrations 

in the Text, and 36 Plates. 21s. net. 
MODBRN MBTHODS OF 



By G. BERTRAM KERSHAW, 

Engineer to the Royal GommlMlon on Sewage DtapoeaL 
" A large and oomprehenilTe work . . . replete with liilonnation."—Jotf mo/ 
Royal Sanitary InttUute, 

In Large Svo. Cloth. With 147 lUastrationa. 158. net. 

A MANUAL OF 

THE PRINCIPLES OF SEWAGE TREATMENT. 

By Prop. DUNBAR, 

Director of the Inatitate of State Hygiene, Hamburg. 

Enoush Edition by HARRY T. CALVERT, M.Sa, Ph.D., F.I.C., 
Chief Chemical Aasiatant, West Riding of Yorinhiie RiTen Board. 

'* We heartily commend the book ai a pecnllarly fair and impartial statement of the 
present position of the sewage problem. "^I^neet. 



In Medium 8vo. Handsome Cloth. With Plates and Numerous other Illustrations. 

TRA DE WASTE WATERS, 

THEIB NATTTBJS AND DISPOSAL. 

BT AND 

H. MACLEAN WILSON. H. T. CALVERT, 

M.D.,B.Sc, MSc., Ph.D., F.LC. 

Chief Inspector, West Riding of Yorkshire Chief Chemical AssLitant to the West 

Rlrers Bocurd. Riding of Yorkshire Riven Board. 



BeiviUifuUy llkuircUedt with Numeroug Platen, Diagrams^ ami 

Fiffures in the Text. $U. net, 

TRADES' WASTE: 

ITS TBEATMEITT AND UTILISATION. 
By W. NAYLOR, F.O.S., A.M. Inst. C.E., 

Chief Inepeotor of RiTen, Rlbble Jobit Committee. 

** There ts probably no person In England to-day better fitted to deal rationally with 
euch a subjeot."— A-iCOA StmUi ' 



Skcond Edition. In Medium 8vo. Thoroughly Revised and Re- Written. 

15s. net, 

CALCAREOUS CEMENTSi 

THEIR MATURE, PREPARATION. AMD U8E8. 
By gilbert R. REDGRAVE, Assoc Inst. CE., 

Ainstant Secretary for Technology, Board of Education, South Kenangton, 

And CHARLES SPACKMAN, F.C.S. 

*' We can thoroughly recommend it as a first-class investment." — Pmciical Bnginttr. 

In Handsome Cloth. 5s. net. 

A HANDBOOK FOR CEMENT WORKS' CHEMISTS. 

By frank B. gatehouse, F.C.S. 

"Concise . . . excellent . . ■ a useful addition to Cement Literamre."- C#»Krf<c. 

lONOON: CHARLES GRIFFIN A no.. LIMITED. EXETER STREET, STBANa 
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Id Large Crown 8vo. Fully Lllasfcrated. In Two Volumes. 
Vol.1. FOURTH EDITION. Price 78. 6d. Net. Vol.11. THIRD EDITION. READY SHORTLY. 

THE CHEMISTRY OF 



A Hand-Book on the Production, Purifloation, and Testing of liluminating 
Qaa, and the Assay of the Bye-Produots of Qas Manufacture, 

By W. J. ATKINSON BUTTERFIELD, M. A., F.I.C, F.O.S., 

Formerly Head Obemiat, Gm WoriEs. Bedcton, London. EL 

'* The B18T WORK of its kind which we have ever had the pleasure of rt< 
newing." — Journal of Has Lighting. 



In Large Crown 8vo. Handsome Cloth. Illustrated. 6s net. 

THE CALORIFIC POWER OF GAS. 

By J. H. COSTE, F.LC, F.C.8. 

CoNTKRT8.->HlBtorlcal.— Calorific Standarda— Constituents of Coal Oa« and Similar 
<}aaeous Miztnrea— Their Thermal Properties.— Calorlmetry.— Appendix.— Index. 

"Briefly, we have traced the evolution of gas testing as set out 00 admirably by Mr. 
•Coste ... An Appendix, witlk some valuable and practical tables, completes this 
oidmirable book."— &a« Ungineer^ Magazine. 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 

A JULAJSrUAL ON 

THE EXAMINATION OF FUEL. 

By J. H. COSTE, F.LC, F.C.S., and E. R. ANDREWS, F.LC. 

CoNTXNTS.— Introductory. Part I.— Chbmical and Physical Bxamination op 

iKuBL.— Hompling and Analysis of Gaseous Fuel and Flue Oasea— Sampling and 

Bxamination of Liquid Fuel.— Sampling and Examination of Solid Fuel. PART IL— 

•€alorixetry of Furl.— Principles and liethoda— The Calorimeter.— Gaseous Fuels.— 

JLiquid and Solid Fuel.— Bomb Calorimeters.— Indrx. 



Skgond Edition, Rewritteu. Illustrated. 8e. 6d. net. 
THB PRINOIPLXS OF ITS aXSNERATION AND USB. 

By F. H. LEEDS, F.LC, F.C.S., 

AMD W. J. ATKINSON BUTTERFIELD, M.A. F.LC, F.C.S., 
Consulting Chemist, Author of **The Chemistry of Gas Manufacture." 

" We can thoroughly recommend the book to the manufacturer as a reliable work 
•uf reference, to the user as supplying valuable hints on apparatus and methods of 
: procedure, and to the student as a safe and certain guide."— ^oetyteM. 



Large 8vo. Handsome Cloth. Prioe 168. net. 

PIRE AND EXPLOSION RISKSi 

A Handbook of the Detection, Inoeetlgatlon, and Preaentlon of FIrea and Exploalone 

By Dr. VON SCHWARTZ. 

Translated from the Revised German Edition by C T. 0. SALTER. 

"The work affords a wealth of information on the chemistry of fire and kindred 
•Copies.'*— ^^irs atid Water. 



In Handsome Cloth. With 59 lUnstrationB. 6s. net. 



-4 Manual for the Use of Manufacturers, Insoectors, Medical Officers of 

Health, Engineers, and Others. 

By WILLIAM NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 

" We welcome such an adequate statement on an important subject/'- BriliiA 
Medical Jowmal. 

LONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER 8TREEL 8TRAN0. 
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Sixteenth Edition, Thoroughly Revised. Price 6s. 

PRACTICAL SANITATION: 

4 HAMD-BOOK FOB SANITARY IN8PEGT0R8 AMD OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D, D.P.H^ 

norm, Mtm. C-mM, and Bxmmtbur, Samtmty /uttUmtf rf Grmt BHUm 
mmd Ktdlcsl Ofiar U tk* SU^ardMn C*mUf CfumeiL 

vnttb an BppenMi on Sanftatt Xaw. 

By HERBERT MAN LEY, M.A., M.B. D.P.H., 

B^^rrisUT'Ot-Law* 

** A VBRY USEFUL HANDBOOK, with a very useful Appendix. We recommend It aol only to SAmTARV 
INSPBCTORS, but to HouSBHOLDBkS and AJLL interesed in Sanitary Matters. "-vSaMiteor Rtcfrd. 



In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. ncor. Assoc. Mun. and County Engineers ; Surveyor, Wombwell, Yorks. 

** Accurate, reliabte, and compiled with conciseness and care." — SoMiiaty R'tcmrd. 

. \ 

Second Edition, Revised. In Crown 8vo. Handsome Qoth. Profusely 

Illustrated. 8b. 6d. net. 

SANITARY ENGINEERING: 

4 firaotloai Manual of Town Drainage and Sewage and Refuse DiepoetU,. 

Per twiitery AiithorfltlM, InarlnMrs, liiipeotora, ArdhltMl% 
Oontnwloiia, ami ttiNlwits. 

Bv FRANCIS WOOD, A.M.Inst.CE.. F.G.S., 

B<mmgh Engineer and Surveyor, Fulham ; late Borcnigh Engineer, Bacup, Lanes. 



" The T«rfume bristles with inforaatiaa which will b<: greedily read by those la ne«d of aa stsr aaca. The 
book Is one that onght to be ou the bookshelTcs of BVBRY PRACTICAI. BNGINBBR.'-^SaMiitarr ytumml. 



A MANUAL OF CIVIL ENGINEERING PRACTICE. 

By F. NOEL TAYLOR, Civil Emoinbbr. [See p. 18. 

ALSO 

THE MAIN DRAINAGE OF TO^^NS. 

Bt the same Author. [See p. 18. 



In Medium 8vo. Handsome Cloth. Profusely Illustrated. 15s. net. 

Modern Destructor Practice. 

By W. FRANCIS GOODRICH. Assoc. Inst. C.E., F.LSan.Engrs., &e. 

(See i>a«re 18.) 



With Four Folding Plates and Numerous lUnatrattonB. Large Svo. 

8s. 6d. net. 

A Praetfcal Treatise on the Seleetlon of Sources and the Distribution of Water. 
Bt REGINALD R. MIDDLETON, M.Inst.C.E., M.In8T.Mboh.E., F.S.I 

" As a companion for the student, and a oousfcant reference for the technical man, we- 
anticipate it will take an important position on Uie bookshelf. "^Praetiea/ Bngineer. 

lONOOM: CHARLES QRIFFIN & CO.. LIMITED, EXETER STREET. STRAND. 
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SscoND Edition, /n Large Svo. Handsome OlotK BeatUifiiUy 
lUuUrcUed. With Plates and Figures in the Text, SU, net. 

ROAD MAKING AHD MAINTENANCE: 

A Practical Treatise for Engineers, Surveyors, and Others. 
By THOS. AITKEN, AssocM.Inbt.O.E. 

Mtmber of Ihe AwooUtloii of Hanloipftl and Ooanty Engineers; Momber of the Sanitary 
Inat ; Snrreyor to the Oonnty Oonnell of nfe. Oopar dvlslon. 

WITH NUMEROUS PLATES, DIAQRAM8, AND lUUSTRATtONS. 

Contents.— Historical Sketch.— Kesistance of lYactiou.— Laying out New Boads.— 
Earthworks, Draini^^e, aud Betaiiiiug Walls.— Boad Materials, or Metal.— Qunrryiog. 
— Stoue Breaking and Haulage.— Boad-Bolllng aud Scarifying.— The Construction of 
New, and the Maintenance of existing Koads.— Carriage Ways and Foot Ways. 

"The Litarary style is ixcKLLiST. . . . A cohprbhsivsiti and ixcbllritt M<Mi«ra Book, as 
Qf^vo-DAVi work. . . . Should be on the reference shell oi every Municipal and Ooanty 
Bngineer or Surveyor In the United Kingdom, and of every Colonial Aiglneer."— 3^ Mrviyor. 



in Handsome Clotii, Fully Illustrated. lOs. 6c{. net. 

DUSTINESS ROADS. 

TAR MACADAM. 

By J. WALKER SMITH, 

City BuRineer, Edinburgh. 

CoiiTmT8.~Nece88ity for Improved and Standard Boad Construction.— 'lar.—StandardlBatton 
of Matrix.— Aggregate for Macadam —Different Modes of Preparing and Laying.— Mechanioal 
Mixing.— Effects or Wear, Density. Porosity, Distribution of Weubt.— Scavenging : Watering and 
Maintenance. — Qamber ; Gradient, Noiselessneas. Hygienic Advantages. — lloTlbg. — TrMtive 
Effort— Statistics.— Tar Spraying on Ordinary Macadam Surfaces.— Appbndicxs.—Ikdix. 

"The book is in every I'espeot up-to-date and very suggestive. It is practical in 
Che best sense of the term."— County and Municipal Record, 



In Crown 8va Cloth. Pp. i-xi + 137. With 25 Illustrations, Colonred Map, and a 

Chart. 4a 6d. net. 

MODERN ROAD CONSTRUCTION. 

A Praetleal Treatise for tbe Use of Engineers, Students, 
Members of Loeal Authorities, See. 

By FRANCIS WOOD, M.I|i8t.C.E., F.G.S. 

** The outside matter iuoluded is all of an authoritative nature, and uecessaiy to the 
purpose, and the author's frank and lucid observations on matters of pHme impoitance 
make It a book to be reckoned with."— S^irtwj/or. 



In Demy 8vo. Handsome Cloili. With Many Tables, Qs, net, 
THE TH£OBY AND PRACTICE OF 

EHAHELLIH6 OH IRON AHD STEEL 

By JULIUS GRUNWALD, 

Technical Chemist and Works' Manager. 

CONTKMTS.— Introduction.- The Baw Materials.— The Mixing. Dissolving, and Appli- 
cation of Enamel.— Heating and Pickling Goods in the Boogh.— Correct laying on.— 
Baking Enamelled Ware.— Decoration of Enamelled Objects.— rhoto-Ceramica In their 
Application to Enamels.- General and Statistical Chapter.— The History of Enamels 
and their Uses.— Index. 

** Combines the theory and pracUce of enamelling In a most eflfectire manner."— JTroK and Steel 
Trades' JounuU. 

In I>eniy 8vo. Uniform with the above. 66. net. 
THE TECHNOLOOY OF 

IRON ENAMELLING AND TINNING. 

Br JULIUS GBUNWALIX 
Translated by Dr. H. H. HoDOSON. 



lONOON: CHARLES GRIFFIN ft CO., LIMITED, EXETER 8TREEL STRAND, 
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In Large 8vo. Handsome Cloth. Profusely Illustrated. dOs. net. 

A TREATISE ON 

COLOUR MANUFACTURE. 

A Guide to the Prepapatlon. Examination, and Applieation of all the- 

Plgment Colours in Practical Use. 

By GEORGE ZERR and Da. R. RCBENCAMP. 

AUTHOBISKD ENOUSH TRAHSLATIOM BY BR. G. MAYBB, OF BURODOKF. 

'This comprehensive guide . . . useful and interesting."— Oi{ and Colour Trader 
Journal. 



In Medium 8vo. Handsome Cloth. Pp. i-xii + 230. Price lOs. 6d. net. 

TESTS FOR GOAL-TAR COLOURS IN ANILINE LAKES. 

By GEORGE ZERR. 

Translated by Dr. C. Mayer of Burodorf. 

Abstract of Cortents.— Introductory.— Reactions of Aniline Lakes.— Clasaiflcatioik 
Of the Coal-Tar Colour Lakes according to Solubility.— Index. 

"Of the highest sdentiflc accuracy . . . leaves nothing to be desinid in clearness."— 
D0eorat(n\ 



FiFTii Edition, Revised and Enlarged throughout. With Illustrations. 

PAINTERS' COLOURS, OILS, AND VARNISHES: 

A PRAOTIOAIj BLAJTOAZa. 

By GEORGE H. HURST, F.C.S. 

Revised by NOfiL HEATON, B.Sc., F.C.S. 

" A THOROUGHLY PRACTICAL book. . . . Satisfactorily treats of the manufacture ol 
oils, colours, and pijnnenu.** — Ch^micai TraOt^ y^umai. 



In Crown 8vo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and Varnishes. 

By GEORGE H. HURST, F.C.S. 

"This excellent handbook, ... the model of what a handbook should \x"—Oilt 
CoUun^ and Dfysaittrtes. 

Third Edition, Revised. In Crown 8vo. extra. With Numerous Illuatra- 
tions and Plates (some in Colours), including Original Designs. 12s. 6d. 

Painting and Decorating: 

A Complete Practical Manual for Houne 
Fainters and Decorators, 

By WALTER JOHN PEARCE, 

Lr^rrCRKK AT THE MAKCaUTBB TSOHNIOAL SCHOOL VOS HOUBK-PAIHIiaO AMD DKOdBATnO. 
•* A THOROUGHLY USKTITL BOOK . . . GOOD, SOUND, PBAOTIOAL INFOB> 

MATION in a GLBAB and ooncisk form."— P/ttm6er and Decoraicr. 
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CHMMISTBY AND TBCHNOLOQY, 67 



Third Edition. In Large 8vo. Handsome Cloih. With 4 Plates 

and Several Illustrations. i6s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

Treatise on the Nature of India Rubber, its Chemleal and Physical Examina- 
tion, and the Determination and Valuation of India Rubber Substitutes. 

Including the Outlines of a Theory on Vulctwiaation, 
By carl otto WEBER, Ph.D. 

" Replete with scientific and also with technical interest. . . . The section 00 physical 
properties is « complete risumi of every thing known on the subject." — India-rubhtr f&nmai. 



In Handsome Cloth. Fally lUostrated 10s. 6d. net. 

THE IWANUFACTURE OF RUBBER GOODS. 

By ADOLF HEIL and Dr. W. ESCH. 
Translated by EDWARD W. LEWIS, A.C.G.L, F.C.S., 

Chemist to Messrs. J. G. Ingram & Son, London. 

Gbnbral Contbnts. — Raw Material and its Preparation. — Vulcanisation. — Rubber 
Mixings. — Manufacture of Soft Rubber Goods. — Manufacture of Hard Rubber Goods. 
—Regeneration of Waste Rubber. — Specific Gravity of Rubber Goods. — Index. 

"Can be recotumended as a very practical and useful work."— NtUxire. 



In Large Crown 8vo. Fully Illustrated. 5s. net. 

AND THBIR ALLIED PRODUCTS, 
A Praetleal Handbook for the Manufacturer, AgrieuttuHat, and Student of Technology. 

By THOMAS LAMBERT, 

Apalytical and Technical Chemist. 

CoMTBNTS.— Historical.— Glue.— GsLATiNB.— Size and Isinglass.— Treatment of Efflu- 
ents produced in Glue and Gelatine Making. — Liquid and other Glues, Cements, &c. — Uses 
of Glue and Gelatine. — Residual Products. — Analysis of Raw and Finished Products.— 
ArPBNDtx.— Indbx. 

" A sufficient account of modem methods of working, chiefly from a practical standpoint. 
A book . . . of real value." — Chemical News. 



In Large 8vo. Handsome Cloth. Fully Illustrated. 15s. net. 



A Pra^tlcal Manual on the Analysis of Materials and Finished Products. 
Br S. R. TROTMAN. M.A., F.LC, 

Public Analyst for the City of Nottingham, Member of the Internationa Association 

of Leather Trades' Chemists. 

Synopsis op Contbnts.— Standard Solutions.— Acids, Alkalies, &c. — Water. — Depilation 
•and Deli'nine. — Fleshings, &c.— Glue. — Spent Liquors.— Mineral and Vegetable Tanning 
Agents. — Oils. — Soaps. — Varnishes.— Skin. — Leather. — DyeslufFs.- Degreasing Agents. — 
Emuents. — Glossary. — Indfx. 

*' Mr. Trotman has admirably succeeded in his aim. . . . Practically every section ot 
the leather trade chemistry is gone into." — Leather Trades^ Revievt. 



In Large 8vo. Handsome Cloth. With Plates and Illustrations, 7s. 6d. net. 

THE MANUFACTURE OP INK. 

Handbook of the Production and Properties of Printing, Writing, and Copying Inks. 
By C. a. MITCHELL, B.A., F.I.C, F.C.S., & T. C HEPWORTH. 

"Thoroughly well arranged . . . and of a genuinely practical order." — British Printer. 

lONDON : CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAND. 



68 0HARLE8 GRIFFIN A OO.'S PUBLICATIONS. 



SiBOOND Edition, Thoroughly Revised Throughout, In Two Large 

I'^oiumes. Handsome Cloth, 45«. 

A MANUAL OP DYEING s 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS^ 
AMD ALL INTERESTED IN THE ART OF DYEING. 

K. KNECHT, Ph.D., F.I.C., ^^ CHR. RAWSON, F.I.Cm F.CSm 

■ni •! Mm ahamlstry ftad Dyvlng Defwrtmant of LftU H«ul of th* Ohamlslxy and Dfiinf D«|imI«»* 
1h« Twiiiiinil MiooU Maiieh«tar: Bdltor of "TIm o( Ui« TMhalml Oollan. Biadtad : llMBbar 
iMnMlof tkcBeaMjofDyanMidOoloariflti;'' OooaoU of Um Boototy of Dy«s and OoiooMitt 

And RICHARD LOEWENTHAL, PIlD. 

GxMB&AL OoNTBNTB.— Chemical Technology of the Textile F&briot— 

Waiter ^Wftshing and Bleaching — Acida, Alkaliea, Mordanto — Natural 

Oolonring Matters— Artificial Organic Colouring Matten— Mineral Colours 

— Maohinery used in Dyeing — Tinctorial Properties of Colouring Matters - 

Ana^sis and Valuation of Materials used in Dyeing, Ac, &c. 

** This Mithoritatlve and aaEbMutlve work ... the Mom ooicrLBTB we hate yel 
ea the sabjeef^fkrWf Mmtmfmetmrtr. 



In Large 800, Handsome Cloth. Pp. i-xv + 4OS, 16s. net, 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchester and TI^binoen), 

Technical Chemiat, 

And JOCELYN FIELD THORPE. Ph.D. (Hkidelbbbo), F.R.S., 
Lecturer on Colouring Matters in the Victoria Uniyersity of Manchester. 

Part I. Theopetleal. Part II. Practical. Part III. Analytioal. 

" We have no hesitatton in describing this treatise as one of the most yalnable books 
that has appeared. . . . Will give an impetns to the study of Organic Chemistry 
generally.*'— C%«miMrf Trad» Journal. 



Companion Volume to Knecht ds Rawson's *^ Dyeing," In Large 8vo, 
Handsome Cloth, Library Style, 16s, net, 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CAUGO PRINTING. 

with FormulcB, Properties, and Appileations of the various substances desoribsd 

and aonolse directions for their Commercial Valuation, 

and for the Detection of Adulterants. 

Br CHRISTOPHER RAWSON, F.I.O., F.C.S., 

Oonmltinc Chemist to the Behar Indigo Planten' Association; Co-Aathor of **A Maaoal 

of Dyeing;" 

WALTER M. GARDNER, F.O.S., 

Head or the Department of Chemistry and Dyeing, Bradford Mnnietpal Teehaical CoHege : 
Bditor of the ** Joura. Soe. Dyers and Ooloarists ; " 

And W. p. LAYOOOK, Ph.D., F.O.S., 

Analytical and Conmlttng Chemist 
"Tom to the book as one may on any sabjeot, or any sabstanoe in oonneetlon with the 
trade, aad a refarenoe is sore to be f onnd. The anthors have apparently left nothing oul " 
^ Textile Mereurp. 
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In Crown 8vo. Cloth. With Numerous IlluBtrationB. Gs. net. 

THE COTTON WEAVERS' HANDBOOK. 

A Praatioai Oulde to the Conttruetioa and Costing of Cotton FaMoB, 

with Studies In Design. 

By henry B. HEYLIN, 

Of the Boyal Technical Institute, Seiford. 

**Mr. Heylln'a text-book is a very reliable one. It is difficult to mark out any special 
points among so mneh excellent matter."'i>|My' and Calico Printer, 



In Medium 8vo. Handsome Cloth. With veiy Numerous Tables. 

A HANDBOOK FOR 

BUYERS AND SELLERS IN THE COTTON TRADE. 

By henry brougham HEYLIN. 



Large 8vo. Profusely Illustrated with Plates and Figures in the Text 

16e. net. 

THE SPINNING AND TWISTING OF LONG 

VEGETABLE FIBRES 

(FLAX, HEmP. JUTE, TOW, & RAMIE). 

A Praotloal Hanual of the most Modern Methods as applied to the Hackling, Carding 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

Bt HERBERT R. CARTER, Belfast and Lille. 
" We must highly commend the work ss representing up-to<date practice. "—iVa(ur«. 



In Medium 8vo. Handsome Cloth. With 615 Pages, Patterns being 

lusejt in the Text. 36b. net. 

The PRINCIPLES & PRACTICE of TEXTILE PRIHTINe 

Bt E. KNECHT. Ph.D., and J. B. FOTHERGILL. 

Contents.— Part I. Introduction.— Part II. Methods of Printing.— Part III. Pre- 
paration -of Oloth for Prlntinff.— Part IV. Preparation of Printing Colours. -'Part T. 
Treatment of Ooods after Printing.— Part VI. Mordants.- Part Til. Styles of Printing : 



<a) Direct; (6) Dyed; (e) Insoluble Azo-Coloar; (<f) Dischaige; (e) Besist or Eeserve; 
(f) Eaised; (g) Printing of Linings; (A) Metal Printing; (i) Grepon or "Crimp." 
Part VIII. FinUhing of Printed Calicoes.- Part IX. Wool and Half Wool Printing. 



Part X. Silk and Half Silk Printing.— INDBX. 

" Undoubtedly at once becomes the standard work on the subject, and we can 
lieartily recommend it."— Textile Mtrexiry, 



In Medium 8vo. Handsome Cloth. Fully Illustrated. 16s. net. 

THE BLEACHING AND FINISHING OF COTTON. 

Bt S. R. TROTMAN, M.A., F.LC, and E. L. THORP, M.LMech.E. 

CONTKNTS.-Sti'uctureof Cotton Fibre.— Constituents of Cotton Fibre.— Cotton Testing. 
—Carbohydrates.— Water.— Bacteria in Bleaching.— Cotton Piece Goods. —Steeping.— 
Transmission of Cloth.— Alkali Boiling -Soap.— Soap Making.— Organic Solvents.- 
Keirs.— Washing Machines.— Bleaching and Bleaching Powder.— Bleaching and Souring 
Apparatus.— Sodium Hypochlorite and Electrolytic Bleaching Solutions.— Other Bleach- 
ing Agents.— Souring Adds and Sonring Apparatus.— Processes.— Coloured Goods.— 
Stains and Disoolonrations.— Finishing and Materials Used.— Mangling, DiTlug, and 
Conditioning.— Stiffening and Mangles.— Auxiliary Mschines and Processes.— Stentert. - 
Beetling.— Calendering.— Finishing Processes. —Index. 

'* Deserves the attention of practical bleachers, and we can recommend it to them 
with confidence."— 2re£etf7« Mercury. 
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In Large 8vo, Handsome Clolh, with Numerous lUrutrations, 9s. net, 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occuprenee, Distribution, Preparation, and Industrial Uses of the 
Animal, Vegetable, and Mineral Products used in Spinnlnff and Weaving. 

Bt WILLIAM I. HANNAN, 

tfaotarer on Botany ftt the Aahton Maniolpftl Teohnioal School, Leotarer on Cotton 
Spinning at the Chorley Soienoe and Art School. Ac. 
** UasrCL Ikyomutioh. . . . Admirablb Illcstbatiohs. . . .'*— 7ex«/< Recorder. 



In Large 8vo, with Illustrations and Printed Patterns. Price ais. 

A PBAOTIOAL MAiniAIi. 
Including the Processes Used in the Printing ot 

COTTON, WOOLLEN, SILK, and BLALF 

SILK FABEICS. 
By 0. F. SEYMOUR ROTHWELL, F.C.S., 

Mem. Soc. of Cheim. Ind. ; late Leetunr at the Munie. Tech. BchooL MemeheeUr. 



" Bt fabths bbr and most pbactioal book on tbxtilb PBiVTnio which has jot been 

Met 



brooght ont, and will long remain the standard work on the sabjeet"— TVarftk MereMr^. 



Large 8vo. Handsome doth. 12b. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and PFactieal Men. 
Bt GEORGE DUERR. 

DlnoWr of Uk« Bleaching, Dyeing, and Printing Department at the Aeerlnston and Baeap 
Technleat Schools : Chemist and Ooloorlsi at the IrweU Print works. 

Assisted bt WILLIAM TURKBULL 

(of Tomball ft Stockdale, Lhnited). 

VVith Illustrations and upwards of One Hundred Dyed and Printed Patterns- 
designed specially to show various Stages of tihe Prooesses described. 

*'Mr. Dubbb's wobk wlU be found MoeT usbtul . . . The information given is of oasAr 
VALoa . . . The Becipes are THOBODGHLT rBAcncAL."— 7easta« Jirafi«/tachir<r. 



Third Edition. Kew Appendix. Cloth. 76 IlluatratioDs. 5s. net. 

DYEING AND CLEANING, 

By frank J. FARRELL, M.Sc, &c. 

Gknirai. Contents. — Technology of the Textile Fibres. — Dry 
Cleaning. — Wet Cleaning. — Dyeing. — Dry Dyeing. — Special Methods,. 
Cleaning and Dyeing Skin Rugs, Feathers, and Hats. -> Finishing. — 

A PPENDICKS. — ^InDEX. 
"Timely and valuable . . . well g*jt up in every way."— Dyer and Calico Printer. 

lONDON : CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET. STRAND. 



INTRODUCTORY WORKS. 7> 

Third Edition, Revised, Enlarged, and Re-issued. Price 68. net. 

A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

By A. D UP RE, Ph.D., F.R,S., 
And WILSON HAKE, PhD., F.I.O., F.C.S., 

or the Westminator Hoapital Medical School 

"An bxamplb or thb advantagbs or thb Svstbmatic Tskatmbmt of a Sdence 
over the firacmcDtary ttyle lo generally followed. Bv a IjOng way tub best of the small 
11 anuala for SttidmlM.'^^AMadfsi. 



Second Edition. In Handsome Cloth. Thoroughly Revised. 

THE ELEMENTS OF CHEMICAL ENGINEERING. 

By J. GR08SMANN, M.A., Ph.D., F.LC. 

WITH A FBMFACM BT 

Sib WILLIAM RAMSAY, K.C.B., F.R.S. 

CONTBMTS.— The Beaker and iU Technical Equivalents.— Distilling Flaski.Liebig'a 
Condensers.— Vractiouating Tubes and their Technical Equivalents.— The Alr-Bath and 
its lechnical Equivalents.— The Blowpipe and Crucible and their Technical Equivalents. 
—The Steam Boiler and other Sources of Power.— General Bemarks on the Application' 
of Heat in Chemical Engtueerlng.- The Funnel and its Technical Equivalents.— The 
Mortar and its Technical Equivalents.— Measurins Instruments and their Technical 
Equivalents.— Materials Used in Chemical Engineering and their Mode of Applicatiou.— 
Technical Research and the Designing of Plant.— Conclusion.— Chemicals and Materials. 
— INDBX. 

" Excellent. . . . Eveij student of chemistry attending a technical course should 
obtain a copy. '—ChBmieal Askw. 



LABORATORY HANDBOOKS BT A. HUMBOLDT SEXTON 

Professor of Metallurgy in the Qlasgow and West of SooUaad Teohnloal Oollege. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS. 

With lUastratioiiB. Fifth Edition. Crown 8vo, Cloth, Sa. 

" A OOMPAOT LABORATOBT ouTDB for beginners was wanted, and the want ha^ 
been wbll sufpukd. ... A good and useful book.** — LafteeL 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR TUB USB OF STUDBBTS, 

With lUastrations. Fourth Edition, Revised. Crown Svo, Cloth, Sa. 6d 



•• 



The work of a thoroughly practical ohemist." — Britiih MeeUoal Journal. 
" Oompiled with great oare, and will supply a want^**— Journoi of Bducaition. 



ELEMENTARY METALLURGY: 

Inolnding the Author's Praotioal Laboratory Coarse. 

[See p. 52. 
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Third Edition, Revised and Enlarged. Large Crown 8vo, with numeroui 

Illustrations. 38. &. 

THE FLOWERING PLANT, 

WITH A SUPPLEMENTARY CHAPTER ON FERNS AND MOSSES, 

As Illustrating the First Principles of Botany. 
By J. R. AINSWORTH DAVIS, M.A., F.Z.S., 

Piraf. of Bioloffv, Univeraity College, Abenrstwyth ; Examiner in Zoologyi 

Univentty of Aberdeen. 

It would be hard to find a Text-book which would better guide the stodeiU to an accuratt 
knowledge of modem diaooveries in Botany. . . . The scisirriric accubacy of statement, 
and the concise exposition of rissT piunciplbs make it valuable for educaticmal purposes. 1 
the chapter on the Physiology of Flowen, an odmiraAU rUumti, drawn from Darwin, Hennans 
Ifmier, Kemer, and Lubbock, of what b known of the Fertilisation of Flowers, is given. *• 



POPULAR WORKS ON BOTANY BY MRS. HUGHES-GIBB. 

Be-issue. With lUostratlons. Grown 8vo. Oloth. is. net 

HOW PLANTS LIVE AND WORK: 

A Stmpto Intpoduetlon to Real Life In the Plant^world, Based on Lessont 

orisinally siven to Country Children. 

Bt ELEANOR HUGHES-GIBB. 

%* The attention of all Interested In the Sdentlflc Training of the Toong Is reonested to this 
»BU«BTPVLIT FBMH and OBABJUHa LiRLB BOOK. It ooght to be in the hands of eveiy Mother 
and Tftaoher throoghoat the land. 

" The ohlld's attention Is first seoared. and then, in langaage simpli, tbt 8CiBVtipicALT.T 
400iJB4TB.the first lessons In plant-life are set before it."— ^oturoi Soimms. 
"In etenr way wall oalealated to make the stadj of Botany a»baohtb to the young. "*» 



Re-isaue. With Illustrations. Crov^rn 8vo. Gilt ts. net. 

THE MAKING OF A DAISY; 

*' WHEAT OUT OF LILIES;" 

And other Studies from the Plant World. 

A Popular Introduotion to Botany, 

By ELEANOR HUGHES-GIBB. 

Anthor of Haw PlanU Live and Work, 

** A BBiOHT little introduotion to the study of Flowers.* *~/osnia< of Aotanf. 
" The book will afford real assistance to those who oan derive pleaaure fronn the tfCady of 
Nstore in the open. . . . The litorary style is oommen :abie '-^KnowUdffe, 

tONOON : CHAIlLES flRIFFIN ft CO.. hUiilSt. EXETER STREET. STRAMO 



"Boyt OMJLD NOV HAY! A MOB! ALLOUVe I1ITB09UOVIOV tO MSleiltiao ponillta 
ttwo tMM oharmlng-lookliig yolnmefl.**— Letter to the Publlehen from Uie Heed* 
nuter of one of our Rreet Pnbllc BohooU. - 

Second Edition, Revised. Handsome Cloth. 6s. net. 

OPEH-AIK STUDIES I]l BOTA|IY: 

SKETCHS8 OF BEITISH WILD FLOWERS 

19 THSIB HOKSS. 

Bt R. LLOYD PRAEQER, B.A., MLR.LA. 

tUnstrated by Drawings fl*om Nature by S. Rosamond Praeger, 

uid Photographs by R. Weleh. 

GsNnuL C0NTKNT8. — A Daisy -Starred Pasture^ Under the Hawthorne- 
—By the River — Along the Shingle— A Fragrant Hedgerow— A Gonnemara 
Boff — Where the Samphire srows — A Flowery Meadow— Among the Corn 
(a Stady in Weeds) — In the Home of the Alpines— A City Rubbish-Heap— 

Glossary. 

'*A VUDSH AND snMULASiBG book . . . shoidd tske • high plaoe . . . The 
niuitratlODe ere drawn witli maoh •kill."— Tka Timeg. 

"BNAVnVULLT UJiTOREEATlD. . . . One Of the MOST AOOinuTi ee well «•■ 
INTIBKSINO books of the Und we have leen."— il AMMsum. 

"Redolent with the eeent of woodland end meadow."— Tft« Standard. 



Second Edition, Revised. With 12 Fuii-Page illustnttlone ftwn 

Photographe, Glotk, 8%. 6d. 

OPEHIR STUDIES III GEOLOGY: 

An Introduetion to Geology Out-of-doors. 

By GRENVILLB A. J. COLE, F.G.S., M.R.LA., 

Profeeeor of Geologj In the Bojal College of Solenoe for Ireland, 
end KTaminer in the UniTenity of London. 

GsMB&AL CoNTUXTO. — The Materials of the Earth — A Moontafai HoUow 

—Down the Valley — Along the Shore— Aoross the Plains — Dead Volo«iioei< 

—A Granite Highland— The Annals of the Earth— The Surrey Hills— The 

Folds of the Moontains. 

**The VAsoniATnie *Orur-AEs Svudibs' of Psor Ck>La cive the enbjeot a slow o» 
utSMATioa . . . oannoi fall to aroaee keen iatereet in geology."— Owtogieai Magtuine. 
** A OHAKinxro book, beenttfolly iUoatrated" - Atkenmtm. 



Beautifuily liluatrated, Witli a Frontiapieoe in Colours, and Numerous 
Speoiaiiy Drawn Piates by Charles Whympen 7s. 6d. 

OPEjl-AlH STUDIES Ijl Bll^D>LIFE-. 

SEHTGHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

The SpadouB Air.— The Open Fields and Downs.— In the Hedgerows^— Onr 
Open Heath and Moor.— On the Mountains. — Amongst the Byergreens.— 
Copse and Woodland.— By Stream and Pool— The Sandy Wastes and Mud- 
flats.— Sea-laved Rocks.— Birds of the Cities.- Indkz. 

''Enriched with exceileat illustrations. A welcome addition to all libraries." — IVest- 
mintttr Rtvitnt. 

LONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRAND.. 
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AN ELEHENTART TEXT BOOK OF PHT8IC8. 

By R. WALLACK STEWART, D.Sc. (Lond.) 

in Four Volumes, Crown 8vo, Cioth, Each Fully llluBtrated, 

Sold Separately. 



Vou L Pp. i-vii+414. With 187 lUustrations. 48. 6d. net. 



Contents.— Introdttctorjr.— Scalar and Vector QuantltieB.— Measurement of Length, 
Area, and Volume. — Measurement of Time. — Measurement of Mass.— Velocity. 
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"Cannot fail to be of great and general interest.*'— A therueum. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET. STRAND, 



TEXT BOOK OF PHYHICS. JS 



Dr. STEWART'S ELEMENTARY TEXT-BOOK OF PHYSICS 
was designed as an introduction to the following :— 

A TEXT-BOOK OF PHYSICS 

By J. H. POYWTING, Sc.D., F.B.S., 

ProfeMor of PhyaicB, Birmingham UDirenity, 

And Sir J. J. THOMSON, M.A., F.H.S., 

ProfeMor of Bzperimental Pbytlcs in the Univenity of Cambridge. 

In Five Volumes. Large 8vo. Sold Separately. 



Introduotobt VoLvitB. FiTTH EDITION, Revised. Fully Illiuitrated. 

108. 6d. 
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Hotea.- Beeonanee and Foroed Oacilhbtiona.— Analyala of Vlbrationa.— The TraaaTerae 
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